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PREFACE. 



-M- 



The object which the author of this book has had before him has 
been that of providing, as concisely as possible, a record of the 
developments and progress made in the application of oil fuel 
to power purposes. The gradual evolution of the burner to its 
present state of efficiency ; the various problems connected with 
the combustion of oil fuel in a furnace ; the advantages, economic 
and mechanical, which accompany the use of oil fuel for different 
purposes, — these subjects have all been dealt with in the light of 
the latest experience. The book will, therefore, it is hoped, prove 
a valuable one for those who desire to become acquainted with the 
general progress and conditions of the use of oil fuel, and also for 
those who have occasion to refer to different points in various 
branches of the subject. 



S. H. N. 



January 1905. 
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CHAPTEK L 

THE SdUECES OF SUPPLY. 

One of the most important factors in connection with the 
use of liquid fuel is the supply available for the various 
purposes to which it is now being put. As time goes on 
this element will not play so important and controlling 
a part ; but the United Kingdom having no oil deposits of 
its own, except the shale oil of Scotland, which is, of 
course, unsuitable for fuel purposes, the supply must 
always exercise a more than usually important influence 
on the matter of its employment. Until quite recently 
the chief source from which oil suitable for fuel could be 
obtained was Russia, while it has also been obtained in 
smaller quantities from other countries. Russian oil has, 
however, continued the main supply, and the bulk of this 
has been consumed in the country itself, chiefly on the 
steamers on the Caspian Sea, on the Trans-Caucasian Rail- 
way, and in certain industrial establishments. The oils 
obtained from the Baku fields are highly suitable for the 
production of that quality of residual which is adaptable 
to fuel purposes. During the last three or four years, 
however, several other large deposits of heavy oil have 
been discovered in different parts of the world, which 
supplement, to a very important extent, the previous 
stores. These discoveries have been made in the island 
of Borneo, and in Texas and California. It is a somewhat 
remarkable fact that all the most recent discoveries of oil 
deposits have been those of the heavy-oil description. 
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2 OIL FUEL. 

providing a proportionately small amount of the higher- 
class products, but yielding good supplies of lubricating 
oil and oil suitable for fuel purposes. This remark applies 
equally to Borneo, Texas, and California. In fact, since 
the discovery and development of the great Pennsylvanian 
fields no oil has been found of such a high grade, that is, 
capable of yielding so large a percentage of illuminating 
oil, and these fields are fast becoming exhausted. 

It is, of course, a very difficult matter to estimate the 
stores of oil available in the various fields ; in fact, it may 
be said to be impossible, for, unlike coal and other solid 
minerals, it can readily shift about and leave one region 
for another. Almost the only indication of the supply that 
one can obtain is the condition of the wells and the super- 
ficial area of the land which is believed to be oil-bearing. 
Naturally, this is a very rough and ready, not to say mis- 
leading, method of arriving at a decision as to the quantities 
available, and although attempts have been made to give 
figures representing the latter, it is quite impossible to rely 
on them. If the estimates of the quantities of coal stored 
in the United Kingdom can only be accepted as slightly 
approximate, much more so must those reterring to oil be 
held in doubt. The usual method of arriving at a figure in 
connection with oil supply is to take the area designated as 
oil-bearing, the number of wells it is possible to put down, 
and the average output that each well may be expected to 
yield. Anyone with the slightest acquaintance with the 
oil industry will recognise what a very unreliable method 
this is. It is certain, to begin with, that the whole area is 
not similarly productive, and that one well may produce 
and another may not, also that certain spots away from the 
anticlinal will not be productive at all. Therefore, when 
statements are made to the eflect that there are such and 
such quantities obtainable from a certain area, we can only 
^ wonder at the intrepidity of the man who made the calcula- 
*' tion, and at the credulity of those who accept such figures. 
It is impossible, in this case, to estimate the quantity of oil 
that is available for liquid-fuel purposes, and to say that the 
supply will last over a certain number of years. Recent 
events in Texas have, at least, emphasised this fact, that 
unless another and more prolific supply of fuel oil is dis- 
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covered in the near future, the application of liquid fuel 
will be considerably hampered, if not very seriously checked. 
Without indulging in anything like a prophecy, out rather 
drawing inferences from analogy, it appears likely that the 
next discovery of oil will be of such a character as will be 
most suitable for fuel purposes. The occurrence of heavy 
oils will be dealt with in a separate chapter, and the subject, 
therefore, need not be referred to in more detail here. 

We may pause for a moment to consider the present 
condition of the existing sources of supply. Russia is un- 
doubtedly the most extensive and the most reliable. There 
is nothing doubtful or uncertain about the vast Baku 
deposits ; the only drawback is their geographical position, 
which, however, might be greatly improved by providing 
more numerous and reliable facilities for the transport of 
the oil to the seaboard of the Black Sea. The Bussian 
Government, as well as the Russian producers themselves, 
have been singularly lacking in enterprise and foresight in 
not perfecting the means of transport for the oil to other 
European countries. A pipe-line, if not a canal, in con- 
junction with a canalised river, should years ago have been 
provided for the conveyance of oil from Baku to the Black 
Sea. However, probably in less than two years* time the 
Baku-Batoum pipe-line will be in use, and this should have 
a very favourable effect on the oil trade of Russia, and on 
the liquid-fuel trade all over the world. 

At the present time the production of fuel oil in Russia 
amounts to nearly 40 million barrels (1902), the quantity 
being larger for 1903. Of the former figure, the largest 
proportion was consumed in the country itself, the bulk, 
of course, on the Trans-Caucasian Railway. The quantity 
exported is but a small proportion of the quantity produced, 
the remainder being retained for the Caspian Sea vessels and 
for industrial purposes. Thus it will be seen that Russia 
does not help the liquid-fuel trade in foreign countries to 
any great extent. 

The next supply to enter into competition was that of 
the island of Borneo, which was obtained from fields owned 
and developed by the Shell Transport and Trading Co. 
The oil raised here is also of a heavy description, and is 
therefore suitable for fuel purposes, a large quantity 
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having been brought into this country and disposed of 
chiefly to railway companies. The extent of the supply in 
these fields is as unknown as that in Russia and Texas, 
although of recent years the shipments of liquid fuel, solar 
oil, etc., have practically been suspended. This, however, 
may be a matter of policy, as the Shell liners have been 
well occupied in conveying Russian oil to the East and 
Texan oil to Europe. Sir Marcus Samuel, the chairman 
and managing director of the company, has stated con- 
vincingly that they possess an oil-field in Borneo capable 
of supplying the whole world with fuel oil. The Borneo 
fields have been tested over an extent of sixty miles; wells 
have been put down sixty miles apart at points running 
longitudinally, and the same description of oil in large 
quantities has been found. The fields are capable of pro- 
viding several million tons of liquid fuel a year. The 
Borneo fuel is very limpid — as limpid as water. It contains 
no pitch whatever, and it is impossible that it can clog the 
tubes of the burner. The difficulty has been that it is so 
viscid that the noise which is produced by steam is detri- 
mental to its use, because it sprays so rapidly that it disperses 
much more quickly than it ought to do, and does not go into 
complete combustion under steam. That difficulty is obvi- 
ated by the use of air. The specific gravity is high, that 
obtained from a depth of 700 feet being 0*970, while 
that at a depth of 1400 feet has a specific gravity of 0*896. 
The oil yields about 25*30 per cent, of illuminating oil, the 
remainder being fuel oil. 

The Texas fields are of a very different nature from those 
of Russia and Borneo, in that the wells put down have 
turned out to be nearly all gushers of a very high pro- 
ducing power in the first instance. Certainly, the field has 
much more the aspect of being a temporary producer, or 
an isolated pool, than any of its contemporaries. In Borneo 
the wells have been much more moderate in their manner 
of yielding the oil, while in Russia, although most prolific 
spouters have been common, these have been spread over a 
wider area, and have not had the appearance of being fed 
from the same source. This is an important feature in 
the case, because it affects the exhaustibility of the supply 
one way or the other. When the Texas wells began to 
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yield, the output amounted to as much as 10,000 barrels 
a day per well, some even exceeding this figure ; after a few 
months, however, the gas-pressure greatly diminished, and 
the daily output was, of course, substantially reduced, and 
three and a half years after the bringing in of the field the 
yield of the wells was not more than 100 barrels per well 
per day, the oil having to be raised by means of pumping. 
This output is, of course, a good one for the American fields, 
and is certain to show a great falling off in a year or so, if 
not before. The main drawback to the Texas field is that 
its area is very small, and the wells outside the limit already 
described are nothing like so productive as those situated at 
its centre, namely. Spindle Top. Of the total quantity of 
oil raised, so far, from this Beaumont field, but a small 
proportion has been brought into the United Kingdom. 
The bulk of the oil produced is consumed in America itself, 
and, therefore, the price does not stand much chance of 
experiencing a very large reduction. America has ample 
scope and possibilities of consuming pretty well all that 
these new fields can yield, and there is far more likelihood 
of its threatening the position of coal in certain districts in 
that country than of ite doing so as an imported commodity 
in this. Other fields, however, are being opened up in the 
same State which may supplement the deposits of the 
Beaumont field. 

As regards the Califomian oil and its relation to the 
liquid-fuel question, this can at present only be considered 
as a purely local advantage. The oil is admirably suited 
for fuel purposes, and there is a plentiful and increasing 
supply, although the nature of its occurrence is different from 
that in the Texas fields. Spouters are few, and much less 
volcanic than those in the latter state, but the field is more 
stable and settled, and there therefore seems a greater 
dependence on the supply. At the present time the whole 
of the oil available is consumed in California itself, chiefly 
on the Santa F^ and Southern Pacific Railways, and also 
extensively in various industrial establishments in and 
around San Francisco. Thus the Californian supply does 
not come into outside markets, and does not afiect the liquid- 
fuel question in a general sense. When the production 
is so augmented that a balance is left available, the 
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countries which will enjoy the benefit thereof will either 
be the more eastern and southern Amjerican States, or 
the countries situated in the Orient. 

There are, of course, also large deposits in Canada which, 
according to local opinion, are highly suitable for use as fuel. 
The production in the oil-fields of Western Ontario amounts 
to about 30,000,000 gallons of crude petroleum annually. 
The oil is of a heavier specific gravity than that of the United 
States, and contains a larger percentage of carbon than 
either the Russian or American oil, and is therefore 
specially adapted for use as fuel. Oil has been successfully 
used as fuel there for the last thirty years under ordinary 
steam boilers, as well as under the stills, where a much higher 
temperature is required. If this Canadian petroleum is 
obtainable in sufficient quantities, and could be delivered 
at a reasonable figure, it would be extremely convenient 
for England to draw the supply of liquid fuel for her 
warships from British territory. 

Burmah also possesses large and prolific fields, and the 
crude oil is suitable for providing a good supply of liquid 
fuel, although up to the present the consumption has been 
confined to local use. 

Among the new districts in Texas where another large 
supply of heavy oil has been brought to light, though it is 
apparently not to be compared with the Beaumont field for 
productivity, is that of Sour Lake. The oil obtained here 
has a specific gravity of '963, and yields over 70 per cent, of 
residuals of a specific gravity of '978. The extent of the 
field has not yet been ascertained, and opinions differ 
considerably as to its value. A good number of wells have 
been put down and are fairly productive, but there is not 
the subterranean energy apparent that is so marked a 
feature at Spindle Top. Oil obtained here at a depth of 
250 feet had the specific gravity already given ; at 450 feet 
it was '915 ; at 640 feet, '909 ; and at depths below this it 
remained practically unchanged. Professor Thiele, who 
has made an exhaustive examination of the field, believes 
that it has a very productive future before it. 

A deposit of heavy oil is also being worked in Algeria, 
which region has been so ably brought before the oil 
world by M. Henri Neuburger, of Paris. The crude oil 
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yields 42 per cent, suitable for burning and 10-12 per cent, 
of parafl^ scale, the remainder being residuals. Experi- 
ments have proved that the Dahra oil is very suitable for 
fuel purposes. 

Every day efforts are being made to extend the existing 
limits of the oil-bearing areas in all parts of the world, and 
every year some new addition is made to the sources of 
supply. It is no great show of optimism, nor beyond the 
bounds of reason and experience, to believe that within the 
next year or two, perhaps earlier, another deposit will have 
been tapped and another field opened up which will place 
the liquid-fuel question above the control of price and 
geographical position. 



CHAPTER 11. 

THE ECONOMIC ASPECT OF LIQUID FUEL. 

The advocates of liquid fuel, as compared with solid fuel, 
have up to the present found themselves in a somewhat 
anomalous position. They have had to maintain the great 
economic advantages of petroleum for fuel in the face of a 
prohibitive price. The two points are entirely distinct, but 
in this age of money values a commodity has to be cheap 
to be regarded as offering economic advantages. The com- 
pensations, however, offered by liquid fuel are so many that 
a high price can be allowed, provided, of course, that, when 
all the former are taken into consideration, there is no excess 
of actual money cost against it. Coal is, under any con- 
ditions, a dirty, wasteful, and variable means of raising 
steam and providing power. Its quality varies so enormously 
that its wastefulness is not always appreciated to its full 
extent. There are a number of constituents which are not 
at all necessary to the provision of heat ; they are injurious 
to boilers and furnaces, and harmful to individuals working 
with them. Coal is difficult to mine, costly to handle, and 
entails a lot of unnecessary work in use. The labour of 
removing the refuse from burnt coal is almost as great as 
feeding the fire itself. The vast difference between liquid 
fuel and coal is no more graphically seen than in the bunker- 
ing of a vessel with coal, and loading her up with oil. It is 
typical of the two descriptions of fuel — ^the one the em- 
bodiment of ease and efficiency, the other of clumsiness and 
uncleanliness. Coal has maintained its position as chief 
power-provider for so long because the greatest steam-using 
countries have vast stores of the mineral, and because 
national expediency and welfare come above every other 

8 
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consideration in industrial Kfe. Then, too, the appliances 
which are used for heating and power purposes have all 
been fitted for the use of the solid fuel, and to discard old 
and familiar customs is not an easy process in any country. 
Even America has not been able to thrust on one side in a 
day the methods instituted at the beginning of its industrial 
existence. With such a vital thing as fuel — the basis of all 
trade, industry, and commerce — this change must necessarily 
be slow, though it need not be conservative. It must 
not be forgotten, however, that, whatever drawbacks coal 
possesses as a fuel, the large deposits still available in the 
foremost industrial countries of the world are not at all 
likely to be neglected on account of the advantages of liquid 
fuel : not one mine will be shut down because liquid fuel 
has displaced the solid product, and not a single miner is 
likely to be deprived oi his living on this account. Pet- 
roleum is the great supplementary fuel supply for coal, just 
as electricity has supplemented coal gas for lighting, and 
steam for power purposes. Yet there has been no falling off 
in the use of coal for either of these purposes ; rather has it 
increased the consumption by giving an impetus to the two 
branches of industry. 

In regard to the use of coal for raising steam, it does not 
seem possible that engineers have reached the end of their 
resources in improving the means by which the heating 
power of coal is utilised.- The full efficiency of coal has 
never yet been obtained, nor anything like it, and if methods 
and appliances were introduced, greatly increasing this 
heating efficiency, it would undoubtedly give coal a longer 
life. This argument is also applicable to liquid fuel, the use 
of which has not yet been thoroughly mastered. The 
burners are not as efficient as they will, no doubt, become, 
and the conditions under which the fuel should be burnt 
are not yet thoroughly understood, and are, therefore, not 
as economical as they might be. The fuel itself is a much 
more delicate thing to handle than coal ; it is more sensitive 
to external conditions, and, therefore, requires a considerable 
amount of scientific investigation to enable the ordinary 
man to be put in possession of facts and principles necessary 
to get the best and surest work out of it. 

Nevertheless, even at the present stage of the use of the 
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fuel, petroleum has certain distinct economic advantages 
over coal. As has already been mentioned, the method 
of obtaining the fuel is much simpler and less costly than 
that of coal ; the preliminary treatment of the oil before 
use in some cases amounts to nothing more than exposure 
in the open air for a certain period ; in others, such as the 
Russian, the residuals are obtained after the kerosene has 
been distilled off. When obtained, the ease and cheapness 
with which it can be shipped and transported are in very 
favourable comparison with the methods necessary for the 
bunkering of coal, and how much cleaner is the former than 
the latter ! 

In its application still more significant economies come to 
light, especially on steamships, mercantile and naval. In 
the locomotive, the scope for economy is far more limited 
and less noticeable, chief among the advantages being the 
ease and cleanliness of loading up with fuel, and the greater 
heat and speed obtainable from the liquid commodity. Then 
liquid fuel affords a greater facility in responding to in- 
creased loads, which is, of course, an important item in 
connection with railway traffic, where the loads are so vari- 
able. The loading up is a point which is equally apparent 
in locomotives as in steamships, though the quantities are 
not so large in the former case. Mr James Holden, of the 
Great Eastern Railway, states that a main-line express 
engine can take in 600 gallons of liquid fuel in from four 
to five minutes — a wonderful saving in time compared 
with coal. 

On steamships the extent of the economy is greatly 
emphasised, as the requirements are on a much more extended 
scale. Even the most superficial of these advantages on 
board ship shows oil fuel in a favourable light. In 
bunkering with coal, everything on the vessel is made 
grimy with the dust rising from the solid fuel, and this 
necessitates considerable labour in cleaning up again. What 
a different picture does a vessel using oil fuel present ! 
The ship is as clean as before loading up ; little or no labour 
is required in the process, as the oil can either be run from 
the storage tanks on shore by means of gravity, or it can 
be pumped in from barges or the tank steamer. The fuel, 
if in liquid form, may also be stored away in the ballast 
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tanks, the oil as it is drawn off being replaced by water. 
In a merchant ship this means more space available for 
cargo, and in a warship it means greater fighting room, 
more boiler space, and, seeing that a greater amount of 
power is stored in oil, weight for weight, than coal, a much 
wider range is given to the vessel. Sir Fortescue Flannery, 
M.P., in his paper before the Institution of Tf aval Architects, 
placed this range of action as being increased by 50 per cent, 
on the bunker weight allotted and 90 per cent, upon the 
bunker space allotted when oil is the fuel used. Thirty- 
six cubic feet of oil are equivalent to 67 cubic feet of coal, 
and in the matter of weight two tons of oil are equal to 
three tons of coal. These are undoubted economic advan- 
tages, and are of vital importance to a battleship. 

Another economic advantage of oil fuel in both merchant 
and warships is the small number of men necessary to 
attend to the furnaces. The question of stoking on ships 
has always been a difficult one, but liquid fuel reduces the 
difficulties to a minimum. In certain cases the stokehold 
staff has been reduced from thirty-two to eight when using 
oil, and not only is this economy effected, but, to quote Sir 
Fortescue Flannery again, the difficulty in maintaining 
the full-power speed, as compared with the performance 
when the ships were new, due to the trimming and stoking 
not being done to the fullest capacity of the boilers, is 
overcome. This is a benefit which must strongly appeal 
to all shipowners. Uniformity of steaming is synonymous 
with economy and augmented profits. 

For naval purposes the smokelessness of liquid fuel is 
also one of its favourable features, and with proper 
combustion this is always obtained. Considering also that 
the chemical composition of coal and petroleum fuels, 
dealt with in another chapter, is practically identical, the 
smokelessness of the latter proves it to be more capable 
of perfect combustion than coal, and therefore far more 
economical ; for as everyone knows, in spite of the decades 
that have passed since steam power came into use, no 
appliance or method introduced has ever yet been efficient 
enough to procure anything approaching perfect combustion, 
that is, the full heat-efficiency of the solid fuel. 

The question of rebunkering at sea is another matter 
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which has greatly exercised the naval authorities. The 
difficulties with a solid fuel in this direction must always 
necessarily be numerous, but with a liquid fuel these draw- 
backs disappear. So easily can the supply be transferred 
from one vessel to another, that a simple length of tubing 
will do the work of fifty men, and three hundred tons be 
shipped in one short hour. The value of this facility is 
so apparent in the case of a warship requiring to be 
rebunkered away from port that it needs no emphasis, 
while the saving in time, labour, and fuel is equally 
apparent. 

Other economies there are also in the substitution of 
liquid for solid fuel. Although there is some difference of 
opinion in regard to the wear of the boiler plates, etc., the 
general consensus of opinion is that liquid fuel is much less 
injurious to the boilers and furnaces than coal. In the 
majority of cases it has been found that petroleum has 
damaged the iron and steel work to a very small degree, 
a result which is due to the more equable distribution of 
temperature throughout the heating surfaces, and to the 
entire absence of ashes in the furnace. 

In the matter of actual fuel economy, the experience which 
has been gained on the Shell liners may be stated briefly here. 
These vessels have burned liquid fuel for a longer period 
continuously than any other ships with reference to which 
data are obtainable. The consumption of oil on S.S. Clanfi 
over a period of two years, during which time she traversed 
89,000 miles, amounted to 18 tons per day. For the first six 
years of her life, coal was the fuel employed, and the con- 
sumption amounted to 26-28 tons per day. The MureXy 
another Shell tanker, consumed 25 tons of coal per day, but 
after being converted to an oil-burner her consumption 
amounted to only 16 tons of oil. The Strombus, one of the 
largest Shell liners, burned 43 tons of coal and, subsequently, 
30 tons of oil per diem. 

In a paper read by Mr E. L. Orde, of Messrs Armstrong, 
Whitworth & Co., before the N.E. Coast Institute of En- 
gineers and Shipbuilders, it was stated that the best results 
of evaporative efficiency obtained show 12*6 lbs. of water from 
and at 212° per lb. of oil ; with Borneo oil this gives a fuel 
efficiency of 64*6 per cent. With the best types of burners 
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this is increased to 13-14 lbs. This, however, appears 
somewhat lower than has been obtained in other quarters ; 
16 lbs. of water per lb. of oil has been attained, against 9 
with coal, showing an increase by oil equal to 77 per cent. 
This evaporation, of course, greatly depends on the con- 
ditions of burner and furnace, and on the manner in which 
the burners have been manipulated. 



CHAPTER III. 



CHEMICAL COMPOSITION OF FUEL OILS. 



The composition of petroleum is a matter of such com- 
plexity that a lifelong study would not suffice for acquiring 
a thorough knowledge of its chemical possibilities. In 
connection with its use as liquid fuel, however, it is not 
necessary to go deeply into detail, nor in a treatise of this 
description is it imperative to give much more than general 
information on the subject. The oil chiefly used for fuel 
purposes is that known under the name of " residuals," or, in 
Russia, " astatki " or " mazout," the latter being the Tartar 
word for the residue left over from the crude oil after refining. 
In some cases the crude oil as it is obtained from the earth 
is also suitable for fuel purposes, provided it has been per- 
mitted to stand in the open air for a short period, in order 
to allow the lighter oils to pass away, and thus remove the 
dangerous ingredients. Borneo and Texas crude oils are in 
their natural state suitable for fuel — the latter, according to 
some authorities, not until after the removal of the sulphur 
contents. The crude products of Russia and California 
have to undergo a certain course of distillation, from which 
a residue is obtained forming one of the best oils for fuel 
purposes extant. The composition of the fuel oils of the 
world is as under ; their calorific values are also appended : — 





Carbon. 


Hydrogen. Oxygen, etc. 

1 


Calorific Values. 
B.T.U. 


Russia 
Borneo 
Texas 
Burmah 


84-94 
87-8 
85-66 
86-4 


13-96 
10-78 
11-03 
12-1 


1-25 
1-24 
8-31 
1-6 


18,611 
18,831 
19,242 
18,864 
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Of Baku petroleum, or rather the residue after distilla- 
tion, M. Bertin, chief constructor of the French Navy, says 
it is an ideal fuel for marine boilers. This petroleum, when 
subjected to distillation, gives off, firstly, light naphtha, 
then kerosene to the extent of about 30-35 per cent. After 
this a residue of heavy oil, called " mazout " or " astatki," is 
left in the still, which is chiefly used as fuel. A certain 
proportion is used also for the production of lubricating oils. 
These residuals do not give off any vapour below 248** F., 
neither will they flash under 302° F. Moreover, they may be 
exposed without danger to the explosion of a Hotchkiss 
shell, says M. Bertin. Their storage and handling, there- 
fore, present little risk. The chief components of Russian 
residuals are from 11 to 13 per cent, of hydrogen, from 84 
to 87 per cent, of carbon, and from 1 to 1*75 per cent, of 
oxygen. 

In reference to the Texas oils, data presented by Messrs 
C. Richardson and E. E. Wallace to the Society of Chemical 
Industry (New York Section) may be given here. The 
following tables show the composition of the Beaumont oil 
compared with other American oils, and also the results of 
the distillation tests of the same : — 



Ultimate Composition. 





Beaumont. 


Penna.* 


Ohio.t 


c 

H 

S 

OandN 

Loss on treatment with excess of H2SO4 . 


85-03 

12-30 

1-75 

092 

39-0 


86-10 

13-90 

0-06 

2i*-b 


85 00 

13-80 

60 

0-60 

30-00 



Engler. 



t Mabery, Noble C!o. 
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Distillation Tests {Bugler's Flasks). 



per cent. 



Distillation begins . 
Below 150' C. . 

160''-300* C. 

SOO'-SSO" 0. 

860'-400" C. 

Loss on acid treatment (150°-360° C. 

fraction) . • . . . 

. 150--260° C. . . per cent. 

Loss on acid treatment 

Percentage of acid used 









Beaumont. 


Ohio. 


Test No. 


Test No. 


44,651. 


19,708. 


110* C. 


85" C. 


2-5 


23-0 


40-0 


21-0 


20-0 


21-0 


25-0 


27-0 


10-0 


5-0 


30-0 


• • • 


8 


• • • 


7-0 


2-5 



Pennaylyania. 

Test No. 

46,483. 



80" C. 

21-0 

41-0 

14-0 

2-03, 99-0 

1-8 



2-0 



It will be observed from the figures representing the chemical 
composition of the oils that the Beaumont oil contains a high 
percentage of sulphur compared with other oils, and this 
constituent has caused a great deal of controversy in regard 
to its injuriousness from a fuel point of view. It is certain 
that the proportion is larger than in most descriptions of coal 
used for power purposes, but its removal is easily and 
cheaply effected, and does not appear to have given much 
trouble in practice. 

The Borneo oils, which are of an ideal consistency for 
fuel purposes, are no doubt destined to play a very im- 
portant part in the liquid-fuel question, especially in the 
Far East. Data in reference to these oils are not very 
easily obtainable, and the figures appended showing the 
analyses of them are taken from articles contributed by 
M. Ragosine, the well-known Russian chemist, to a 
periodical of that country, and of which translations 
appeared in English in the Petrolevmi Review. 

In the Balek Pappan field, a light crude oil of about 0*870 
and a heavy one of about 0*970 are obtained. 

A sample of the light crude oil analysed by M. Ragosine 
gave the following results : — 



Specific gravity at 16' C. 



0-896 
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Fractional Distillation. 



N0.01 

Fraction. 


BoUing 
Point. 

•c. 


Per 
Cent. 


Specific 
Gravity. 


.Quantity of Prodacts. 


Kerosene 1st . 
2nd. 
8rd . 

4th. 
6th . 
6th . 
7th. 
8th . 
Residuals 


180-160 
150-170 
170-190 

190-210 
210-230 
230-260 
250-270 
270-290 

• •• 


0-9 

3-0 

10-6 

6-0 
6-4 
9-0 
9 
8-6 
467 


0783 
0794 

811 
0-831 
0-850 
0-874 
0-892 
0-975 


• • • 

1. Loss . . .1-6 p.c. 

2. Kerosene distil- 

late . . 44-0 ,, 
8. Solar distillate . 8*0 „ 
4. Residuals . . 46*0 ,, 


100-0 p.c. 



In the Sanga-Sanga field, there are also a heavy and a 
light crude oil. 

The heavy crude oil has a specific gravity of 0*980, and 
contains only a certain quantity of solar oil (about 15 per 
cent.) and 85 per cent, of residuals. 

The light crude oil, which M. Ragasine analysed, showed 
the following composition : — 



Specific gravity of the crude oil at 15* C. 



Fractional Distillation. 



0-862 



No. of 
Fraction. 


Boiling 
Point. 

•c. 


Per 
Cent. 


Specific 
Gravity. 


Quantity of Products. 


Benzine . 


110-130 


11-2 


0-763 


1. Benzine and lo^s 18*6 p.c. 


Kerosene Ist . 


130-160 


11-3 


0783 


2. Kerosene distil- 
late . .61*9 ,, 


2nd. 


160-170 


10-5 


0799 


3. Residuals . . 29*6 „ 


3rd . 


170-190 


7-3 


0-811 




4th . 


190-210 


8-0 


0*828 




5th . 


210-230 


6-5 


0-850 




6th . 


230-250 


7-5 


0-876 




7tli . 


250-270 


77 


0-905 




8th . 


270-290 


3-6 


• • • 




Residuals 


■ • • 


26-0 


0-971 


• 



The residuals in both cases are liquid. 
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If the two descriptions of oik from Balek Pappan and 
Sanga-Sanga are treated together in equal proportions, then 
the relative quantity of products obtained at the refinery 
are : — Benzine and loss, 9 per cent. ; kerosene, 26 per cent. ; 
solar oil, 7 per cent. ; residuals, 58 per cent. 

Several samples of liquid fuel taken by M. Bagosine at 
Singapore gave the following tests : — 





No. 1. 


No. 2. 


No. 3. 


No. 4. 


Specific gravity at 15° C. 
flash point (by Martins Pensky 
apparatus) .... 
Viscosity (by Engler-Ragosine) 
Water 


0-962 

107'C. 

2-9 
present 


0-968 

104' C. 

3-2 
present 


0-965 

68' C. 

2-3 
present 


0-961 

84° C. 

2-3 
absent 



The very great difference in flash point was due to the 
fact that the refinery produces two classes of liquid fuel : 
the first, with a flash point above 100° C, to supply places 
where the high flash point is required by the laws of 
the country (for instance, in British India and Japan) ; and 
the second, with a lower flash point, being adapted to 
countries where there are as yet no flash point regulations. 

The latest field which yields an oil suitable for fuel is 
that of Sour Lake, in Texas, situated some miles to the 
north of the Beaumont wells. The analysis of the oil has 
been made by Professor Thiele, and is as under : — 

Analysis of Crudk Oil, Steata 272 Feet below Surface. 



Fraction. 


Temp. "C. 


P.c. by Vol. 


Sp. Gr. 


Colour. 


1. . . . 


• • • 


trace 


• • • 


White. 


2. . 


» 




212-266 


07 


• ■ ■ 


Yellow. 


8. . 


> 1 




266-820 


0-03 


• • • 


Yellow. 


4. . 


1 




820-392 


1-69 


0-684 


Yellow. 


6. . 


• 




392-672 


19-49 


0*840 


Bl. Fluor. 


6. . 






• • ■ 


* • • 


• • • 


Bl. Fluor. 


7. . 






672-641 


615 


0-782 


Dark Yellow. 


Residue 


1 




• • • 

Total . 


71-11 


0-978 


Black. 








97-44 
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The oil contained 20 per cent, asphaltum. 

Specific gravity of crude oil, 0*963 at 63° F., water being 
10. 

The oil was impregnated with sulphuretted hydrogen, 
and compounds rich in nitrogen. 

According to the foregoing analysis, the crude oil could 
be divided into the following commercial products : — 

Per Ceut. 

Benziue 007 

Heayy illuminatiDg oil 16*24 

Middle oil 2779 

Fraction to be worked into lubricating oil and aspbaltnm . 58*84 

Total 97*44 

Loss in refining 2*56 

Total 10000 

So far, five different oil-yielding strata have been found 
at Sour Lake. The densities of the different oils are as 
follows : — 

Specific Gravity. 

Oil at 250 feet depth 0-963 

„ 450 „ 0*916 

„ 640 „ 0*909 

„ lower depths 0*909 

In concluding this chapter on the chemical composition 
of the various fuel oils, it may be interesting to intro- 
duce a table showing the composition, calorific value, and 
evaporative power of different descriptions of British coal. 



Coal (from several 
Samples). 



Welsh 

Newcastle . 

Derby and Yorks 

fjancashire 

Scotch 

Average British . 



Specific 
Gravity. 


C. 

88-8 


H. 

4-8 


0. 
1-0 


s. 

1-4 


Ash. 
4-1 


Moist- 
ure. 

4-9 


B.T.U. 


1-315 


14,470 


1-256 


82-1 


5-3 


1-3 


1-2 


5-7 


3-8 


14,432 


1-292 


79-7 


4*9 


1-4 


1-0 


10*3 


2-6 


13,582 


1-273 


77-9 


5-3 


1-3 


1-4 


9-5 


4-6 


13,552 


1-280 


78-5 


5-6 


1-0 


1-1 


9-7 


4-0 


13,804 


1-279 


80-4 


5-2 


1-2 


1-25 


7-87 


4-0 


13,968 



Lbs. of 
Water. 



14-98 
14-94 
14*06 
14*03 
14-29 
14-46 



CHAPTER IV. 

CONDITIONS OF COMBUSTION IN OIL-FUEL FUBNACES. 

The opportunities of observing the process of combustion, 
as well as other phenomena, characteristic of the burning 
of oil as fuel are few and inadequate, though the matter is 
of considerable moment to engineers. Some observations 
have, however, been made by Mr Edwin L. Orde, of Messrs 
Armstrong, Whitworth & Co., while Professor Vivian B. 
Lewes has dealt with the subject from a purely chemical 
point of view. With the idea that these experiences will 
be of value, and may lead to further investigations and 
results, the remarks of these gentlemen are reproduced 
here The former conveyed his observations through a 
paper to the Institution of Mechanical Engineers, and the 
latter in a lecture at the Petroleum Institute. Both con- 
tributions reflect the position in which liquid-fuel practice 
finds itself at the present time, and define the difficulties 
which still remain to be overcome. 

" When coal is burnt in a furnace," says Professor Lewes, 
" a large proportion of the heat transmitted to the water takes 
place by radiation, and it is clear that in our method of 
burning oil it will have to be determined whether it is 
better to so arrange the air supply as to produce almost 
non-luminous flames, such as those given by the atmo- 
spheric burner, or whether the air supply shoiild at first be 
limited, so as to give a highly luminous flame, and the air 
needed to complete the combustion only added when the 
combustion chamber is reached. A non-luminous flame 
gives but little radiant heat, whilst the incandescent 
particles in a luminous flame give a very considerable 
amount. My own impression is that to facilitate the 

20 
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transmission of a portion of the heat as radiant heat the 
flame in the furnace itself should be luminous, and that 
the combustion should be completed by the addition of 
more air at the entrance to the combustion chamber before 
the tubes are reached. 

" The transmission of heat from a non-luminous flame in 
the furnace to the water in the boiler is but small, as the 
contact of the surface of the furnace crown extinguishes 
the flame, and leaves a layer of badly conducting gases 
between the metal and the flame. It is for this reason that, 
when the mass of radiating fuel on the furnace grate is 
done away with, and is replaced by the flame of burning 
hydrocarbons, it becomes necessaty to use fire-brick or 
other refractory material in the furnace, in order that it 
may become highly heated, and by its radiation aid the 
transmission of heat to the water in the boiler. 

" There is another side, however, to the question which 
must not be overlooked, and that is, that it is necessary to 
dilute the oil gas as far as possible before combustion, in 
order to prevent the deposition of carbon, which, once 
formed, is very difficult to rebum, and is one of the chief 
causes of smoking. If the effect of the steam is merely the 
mechanical one of injecting, and afterwards diluting, the 
oil gas, and no chemical action took place, the advantage 
would be entirely on the side of such injectors as do their 
work by pressure and not by steam, but it must be re- 
membered that, as the oil spray is heated in the furnace 
space in presence of the steam, chemical action takes place 
and greatly simplifies the composition of the hydrocarbons. 

"It may be roughly taken that the petroleum residue 
chiefly employed will approximate to CigHag, that is to say, 
will be a mixture of hydrocarbons, the composition of 
which is around this point, and if this be brought in 
contact with sufficient steam in the hot furnace space, the 
action, if complete, would result in the formation of carbon 
monoxide and hydrogen — 

C12H26 + 12HaO =1200 + 25H2 ; 

whilst under ordinary working conditions, the proportion 
of steam being far less than this, the result would be hydro- 
carbons of a more simple molecular structure diluted by 
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hydrogen and carbon monoxide, such a mixture being com- 
paratively easy to burn without formation of smoke, whilst 
the rich oil gas and oil tar vapours formed by the heating 
when no steam is there to aid the chemical interactions are 
excessively difficult to burn without the formation of 
smoke. 

" Some observers have tried to argue that the utilisation 
of steam for direct pulverisation of the oil adds enormously 
to the heating effect by producing in this way hydrogen 
and carbon monoxide, but this, of course, is an utter mis- 
take, as it takes just as much heat to break up the steam 
as is evolved by the after combustion of the products 
formed, that is to say, the balance of heat will remain 
unchanged, whether the oil be burnt alone with air, or 
whether it be decomposed by steam and the products then 
burnt, the great advantage of the steam being to facilitate 
the combustion of the oil without the formation of smoke, 
which undoubtedly must give increased heat by preventing 
the escape of unconsumed products. 

" One of the questions which is of the greatest possible 
importance in the combustion of liquid fuel is the regula- 
tion of the air supply in such a way as to complete the 
combustion within the area possible to allow in the boiler. 
This requires most careful experimental research in order 
to determine not only the volume, but also the particular 
stage in the combustion at which it answers best to add it. 

"In the combustion of liquid fuel the oil is practically 
entirely converted into gas, vapour, and floating particles 
of finely divided carbon before combustion begins, or at 
any rate before any large amount has been consumed. 
This requires a large combustion area, as the volume of air 
needed to complete the action and prevent smoking is very 
great, whilst with coal the combustion of the largest pro- 
portion of the fuel takes place on the furnace grate, and it 
is only the escaping gases distilled out of the coal and 
formed by the incomplete combustion that have to be burnt 
in the crown of the furnace and combustion chamber. 

" The question of combustion area and air supply needed 
for the use of liquid fuel is made clear when one considers, 
in figures, the work which has to be done. With a service 
vessel under full steam, if the best Welsh coal is used, there 
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will be little or no smoke, showing that combustion has 
been fairly complete, whilst one knows that if one took a 
Newcastle or Durham coal there would be abundant black 
smoke from the funnel, showing that already the combus- 
tion area and air supply were insufficient to deal with the 
work that had to be performed. If one took the actions 
taking place with a bituminous coal as representing the 
maximum efficiency of combustion that could be obtained 
by that particular arrangement of boiler and furnace, one 
would be certainly overstating and not understating the 
efficiency. 

" The action of the heat from the fire in the grate when 
the coal is first charged in very closely resembles the 
actions that take place in the gas-maker's retort, as the red- 
hot fuel below is raising the fresh fuel above to a tempera- 
ture of about 1000 degrees C, and is preventing any large 
amount of air from getting through the bed of incandes- 
cent carbonaceous material to it. Under these conditions 
a ton of bituminous coal would yield 10,000 cubic feet of 

fas and ten gallons of tar in the condition of vapour, whilst 
6 per cent, of the weight of the coal would be left to burn 
on the fire grate, a certain proportion of which, by incom- 
plete combustion, would yield carbon monoxide to add to 
the body of gas to be burnt up in the crown of the furnace 
and the combustion chamber. 

" On the other hand, when a ton of astatki is converted 
into gas, on being injected into the furnace, it yields double 
this quantity, i.e., 20,000 cubic feet of gas and about 12 per 
cent, only of residual tar in the form of vapour and carbon 
particles. Not only is the volume of gas thus yielded twice 
as great in the case of oil fuel as in the case of coal fuel, 
but it is a gas which, being far richer in hydrocarbons, 
requires a far greater volume of air for its complete com- 
bustion than was the case with the gas developed from the 
coal, so "that it can easily be understood that a furnace 
with its combustion area and air draught arranged for coal, 
cannot be expected to deal with nearly the same weight of 
liquid fuel. 

" It must be borne in mind that the area over which the 
combustion spreads is governed by the length of travel 
of the combustible gases before they find the necessary 
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amount of atmospheric oxygen for their complete combus- 
tion, and that the conditions of air supply mean, to a great 
extent, regulation of combustion space; but wliilst doing 
this and completing the combustion of large volumes of oil 
in a small space, a limiting factor will soon be found in the 
intensity of the temperature attained, so that the important 
factor to be determined is the weight of oil that can be 
consumed per cubic foot of combustion space, without 
throwing an undue strain from overheating on the material 
of boiler and fittings." 

The experiments carried out by Mr E. L. Orde were^made 
with crude Borneo oil, the composition of which is : carbon, 
87*9 per cent.; hydrogen, 1078 per cent.; and oxygen, 
1*24 per cent. The flash point is 211° F., and the boiling 
point 395° F. The calorific value, determined by the Bomb 
calorimeter, is 18,831 B.T.U. 

All fuel oils are exceedingly complex, being made up of 
a number of combinations of carbon and hydrogen which 
only a chemist who has devoted himself to investigating 
hydrocarbons can appreciate at their true significance. 
The importance of this point for the practical purposes of 
the engineer lies in the fact that the various constituents 
of the fuel give off vapour at temperatures varying from 
about 100° F. up to the boiling point of the oil, and when 
the boiling point is approached — unless special precautions 
are taken — a residue of solid carbon is formed which will 
soon choke any pipes or narrow passages through which 
the fuel may have to pass. 

An important characteristic of these hydrocarbon com- 
pounds is that in the presence of superheated steam they 
can be completely distilled without cracking, and the 
explanation of this fact has been stated to be that in the 
presence of superheated steam the boiling point, or, more 
correctly, the mean boiling point, of the oil is lowered. 
This distillation, however, does not apparently take place 
with any other medium but steam. 

To ensure distillation it is necessary that the temperature 
of the oil shoTild be raised to as near the boiling point as 
possible before it is admitted into the presence of the steam, 
and it is in this part of the process that the danger of 
cracking appears. In the apparatus fitted by Messrs Arm- 
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strong, Whitworth & Co., the dijBSculty has been overcome, 
and, SO far as it has been possible to ascertain by ordinary 
means, complete vaporisation has been secured. The 
vapour thus produced can be completely oxidised by the 
amount of air chemically necessary, and a larger quantity 
of oil can, therefore, be treated in the same furnace space 
than by either of the two other systems, while the combus- 
tion, as shown by the analyses of waste gases, is complete. 



Carbon dioxide . 
Oxygen 

Carbon monoxide 
Hydrocarbon gases 
Hydrogen . 
Nitrogen . 



I. Percent. 
13-2 
3-6 



83-2 



II. Per Cent. 
12-6 
4-0 



83-4 



The only feature calling for remark is the somewhat large 
percentage of uncombined oxygen, which is no doubt due 
to leakage around the smoke-box. As regards efficiency, 
an evaporation of from 15 to 16 lbs. from and at 212° 
should always be obtained with dry Borneo oil. 

The hydrocarbon vapour is exceedingly unstable, and 
appears to depend for its existence entirely on temperature. 

The exact form in which the combustion of these 
hydrocarbon vapours takes place does not seem to be clearly 
understood. The appearance of the flame at a distance 
of a few inches from the nozzle of the burner suggests 
that at that point the hydrocarbons are burning in the 
form of acetylene, which all gaseous hydrocarbons do at 
a temperature of 1000° F. As the flame proceeds further 
into the furnace, however, and the temperature becomes 
higher, the hydrocarbon combination must break up, and 
the rest of the vapour is probably burned as carbon 
monoxide and hydrogen. 

"It has been suggested by some of the early writers 
on the subject," says Mr Orde, in another contribution, 
"that liquid fuel has a higher calorific value than solid 
fuel of the same chemical composition, from the fact that 
a certain amoimt of heat has been rendered latent in 
passing it from the solid to the liquid form; and it has 
therefore been argued that heat values calculated on the 
basis of solid carbon are underestimated to the extent of 
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tliis latent heat of liquefaction. Dr Paul, who investigated 
the subject very closely, has suggested 6000 B.T.U. as the 
value of the heat thus lost, but as this is the value assigned 
by Rankine to the latent heat of the gasification of solid 
carbon, it would appear to be too high for the latent heat 
of its liquefaction. The determination of the heat value 
of petroleum by the Bomb calorimeter does not show the 
existence of this latent heat, and Dr Paul comes to the 
conclusion that it is not probable that petroleum, when 
used as fuel, can be made to evaporate more than about 
16 lbs. of water from and at 212° F. This agrees with 
nearly all the well-authenticated results that are on record. 
" Taking Borneo oil as an example, a heat balance sheet 
that has been experimentally obtained is given below. 

Heat Balance Sheet of Borneo Ojl. 



Los9 due to Moisture. 



1. 



]0-78 
100 



x9x(212-0 + 966 + 0-48(T-212) 



(where t = initial temperature ofoil.\ 
T = temperature of escaping gases. / 
2. Losses due to heat carried otf in escaping 

gases. T7Z?:?. • (-^ = weight 



4000 
of air required for 
{observed)). 

3. Loss due to radiation (observed) 

4. Heat employed in evaporation 

Total heat value of oil 



combustion 



Units of E 


iraporatlon. 


1-15 


1-0 


1-2 


119 


1-46 
1-3 
15-4 


1-6 

1-4 

16-4 


2-3 

1-3 

14-5 


2-21 
1-38 
14-6 


19-4 


19-4 


19-4 


19-4 



" The heat lost in radiation was measured at a separate 
trial; the amounts thus found were interpolated in the 
balance sheet, and found to agree very closely with the 
result found by difference in the usual way, in all cases 
but the second, when the observed evaporation was un- 
doubtedly too high. The observed evaporation results were 
15*4, 1595, 14*6, and 14-48 respectively. The difference 
between the first and second pairs of experiments is due to 
the presence of water in the oil. This exercises a very 
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important function on the behaviour of the fuel, and is 
responsible for much of the difficulty that has attended its 
use. The actual reduction of the heat value of the fuel 
= 1314 B.T.U. per 1 per cent, water, in addition to the 
loss of the oil which it replaces; for example, 1 lb. of oil 
mixed with 10 per cent, water evolves 

18,831 X 0-9 = 16,947 -9 B.T.U. 
less 181-4 ,, 



= 16,816-5 „ 

a difference of 19155 B.T.U., or a loss in evaporative 
power of nearly 2 lbs. of water from and at 212*. 

"Besides this actual loss of heat, the presence of water 
destroys the conditions necessary for perfect combustion, 
and this occurs and may cause considerable damage to 
boilers of the ordinary marine type, although the quantity 
is not sufficient to extinguish the flame. The first effect 
is naturally to reduce the temperature of the flames and 
thereby increase their length, thus moving the point of 
highest temperature further into the furnace, which has 
the effect : — 

Ist. Of rendering a large portion of the furnace heating 

surface entirely useless ; 
2nd. Of raising the temperature in the combustion 

chambers to a point which may be hurtful to 

the material ; and 
3rd. Of causing the last stage of combustion to take 

place in the smoke-box and funnel. 
" The conditions that attend and the reactions that take 
place in burning liquid fuel in boiler furnaces present a 
problem which has apparently not received the attention 
which it deserves. Petroleum vapour depends entirely on 
temperature, and it is therefore almost impossible to collect 
samples when actually burning it in a furnace. It seems 
obvious that the first effect of the furnace heat on the 
petroleum spray is to liberate hydrocarbon vapours, and 
to ignite them on the outer surface of the jet. The ignition 
raises the temperature of the whole of the jet, and probably 
dissociates some at least of the hydrocarbon vapours into 
carbon monoxide and hydrogen. In what form the un- 
dissociated hydrocarbon vapours burn it is difficult to 
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conjecture, but the appearance of the flames suggests that 
acetylene is present. This might conceivably arise from 
the reaction CH^ + CO = H^O + CgHg. As the tem- 
perature of the flame rises, the hydrocarbons are probably 
all dissociated, and bum as CO and H to CO, and HgO 
without further change. When the conditions are 
satisfactory, the flames are opaque and dazzling white in 
colour for a distance of some six inches from the nozzle of 
the burner, become semi-transparent and almost violet in 
colour at the middle of their length, and shade into red at 
the end. In burning oil which is mixed with water the 
combustion is incomplete, the violet colour never appears, and 
the end of the flame is dark red and fringed with smoke. 
In some cases, where water is present in comparatively 
small quantities, the end of the flame is white and presente 
the appearance of acetylene, which may arise from want of 
suflScient heat in the flame to decompose the hydrocarbons. 
This has been observed when, although no smoke 'was 
formed and the air supply was not more than 20 per cent. * 
above what is chemically necessary for the fuel, the 
evaporative performance of the boiler was poor, which 
confirms the existence of a low furnace temperature." 



ClUPTER V. 

EABXY METHODS AND EXPERIMENTS. 

Although there is no intention of making this book an 
historical record in any lengthy manner, it will be desirable, 
as well as of value, to give a general survey of the early 
methods and appliances which have been used, and of the 
experiments which have been carried out for improving the 
appliances for adapting oil to fuel purposes. 

As far back as 1861 a mechanic named Werner, engaged 
in a refinery in Russia, first suggested that the refuse oil 
might be burnt as fuel. He adopted various contrivances, 
but ultimately settled on an apparatus consisting of a series 
of grates or griddles, over which the liquid trickled and 
burnt. A patent was taken out by him for this device in 
1867, and many firms used it, but gave it up when improved 
appliances were available. 

In 1862 attention was directed in America towards the 
application of petroleum for heating and power. Another 
early method of burning the oil was by means of a pan or 
step over which the oil flowed and was ignited, while almost 
at the same time Shaw and Linton patented in America a 
furnace in which the fuel was conveyed into the interior in a 
gaseous state, the oil being previously heated and made to 
give off" its lighter oils, which were subsequently consumed 
inside the furnace. Undoubtedly, this was a more advanced 
idea than that of burning the oil in its natural state openly 
in the bottom of the hearth, and reference will be made to 
this principle later. In the year following (1863) the first 
spray furnace was introduced into America by a Mr Brydges 
Adams for use on locomotives ; yet, in spite of this great 
improvement and the more perfect combustion of the fuel 
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obtained, a year later Richardson introduced into England 
what was known as an oozing furnace. In this fuma«e, 
which was experimented with by the inventor in conjunction 
with the Admiralty, the bottom is lined with ordinary burned 
slack lime, spread evenly at the top, but with a number of 
small vaultings at the bottom of the layer. The oil enters 
these spaces from tanks, and penetrating the lime, which 
acts as a sort of wick, becomes ignited and is consumed. 
Later experiments were made with this method of burning 
the oil, with the result that a commission appointed by the 




Fig. 1. — Audouin's furnace. 

Admiralty reported very favourably thereon, though the 
system was not adopted, owing to the prohibitive price of 
liquid fuel. The experiments, however, served to show that 
unmixed oils had a greater evaporative power than mixed, 
the latter in this case consisting of tar oil and shale oil, and, 
in one instance, tar, shale, and American crude oils. 

The next year (1865), another drop furnace (fig. 1) was 
invented by Audouin in France, and in the year lollowing 
Messrs Aydon, Wise, and Field of London took a great 
step forward by introducing their nozzle-sprinkler, which 
marked an era in the use of liquid fuel, and of which further 
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details will be given. In 1867 came another gas furnace 
(fig. 2), invented by Foote in America, which was experi- 
mented with by the U.S. Navy Department on board a 
gunboat; but although the results oi the tests were said 
to be excellent, little more was heard of the method, 
which, from a description, appears to have been somewhat 
complicated. Another of these gaa furnaces was introduced 
into England in 1868, and was tried on a steamship, the 
Retriever, of 600 tons. The working of this system seems 
to have given satisfactory results, and a short description 
of it will be presented. 



Fta. 2. — Foote's gas ruraacv. 

In this same year St Claire-Deville introduced a new 
drop furnace in France, something on the same principle as 
that of Audouin, which was used under the boilers of the 
steam yacht Fuehla. In this instance a heavy tar oil of 
a specific gravity of 1044 was used, and her engines showed 
an increase of 2 horse-power over coal, while the consump- 
tion of oil amounted to 3-94 lbs. of oil per horse-power per 
hour. This same system was employed on the locomotives 
of the Chemin de Fer de I'Est, where 22 lbs. of oil 
evaporated 24 lbs. of water, compared with 22 lbs. of 
coal briquette evaporating 176 lbs. of water. 

The year 1868 also marks another epoch in the progress 



of liquid fuel, for in it Admiral Selwyu made his now his- 
toric experiments with a burner which he himself devised 
with Aydon, one of the joint inventors of the burner 
invented two years previously by Aydon, Wise, and Field. 
These experiments are noteworthy in that they were 
carried out with the sanction and under the direction of the 
Admiralty. The burner was a nozzle-sprinkler, and was 
undoubtedly the most efficient introduced up to that time. 
Before describing this among others, this brief review may 
be concluded. 

By this time the primitive form of Hqnid-fuel furnaces 
had practically gone out of use, although as late as 1878 an 
oozing furnace was introduced by Paterson in New Jersey. 
The spray and jet had come to be recognised as the only 
efficient forms of burners, although these had many variations 
and were applied in different ways. In 1870 came the Lena 
burner, which waa used extensively on the Caspian Sea and 
the Volga. An improvement was made in this later, which 
provided a circular opening for the oil instead of a flat one, 
and the tongue was also altered in auch a manner that a 
broader flame was obtained. In 1872 Kbrting invented 
a burner which also 
underwent considerable 
modifications four years 
later, and in 1874 Pro- 
fessor Urquhart intro- 
duced a burner for adop- 
tion on the Russian rail- 
ways, but this early form 
was soon dropped on 
account of the large con- 
sumption of oil involved, 
and about the year 1883 
a new type was intro- 
duced, which was fltted 
Fm. 3.— Brandfa burner. to a very large number 

of Russian locomotives. 
In the year 1880 the Brandt burner (fig. 3) was introduced, 
and good results were obtained, though its chief disadvan- 
tage was that, when cleaning was necessary, steam had to be 
shut off, which was an expensive and often inconvenient task. 
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The burner of Aydon, Wise, and Field ia one of the earliest 
methods of burning petroleum as fuel, and was first used 
at South Lambeth in 1866 with a Cornish boiler. The oil 
entered from a vertical pipe through an opening about 1'2 
inches in diameter, through which it flowed from a tank 
above at the rate of about 3'3 gallons per hour. During its 
course the oil was forced into the discharge pipe by the stream 
of superheated steam escaping from the horizontal pipe, which 
drew in air through the funnel. The oil, steam, and air met 
and mixed in this pipe, and arrived through a cone-shaped 
mouth over the fire-door into the fire-box. About 3 feet 3 
inches from the fire-door was a bridge of tiles against which 
the stream of oil and steam impinged in the form of a cloud 
of thin vapour, the superheated steam having distributed 
part of the oil and vaporised the remainder. The un- 
consumed particles of this vapour either became ignited at 
a coal fire or against the fire-bridge, which was intensely 
hot. This ignition was facilitated by the previous mixture 
with air. The supply of oil was regulated by a tap in the 
supply pipe, the steam by a spindle, and the air by a cap. 
The fire was lighted by placing some red-hot coals on a 
sheet of iron on the grate, which afterwards ignited the oiL 

The burner of Ayifon and Selwyn (figs. 4 and 5) was used 
in the trials conducted by the Admiralty at Greenwich 
in 1868 with a Field marine boiler. Aydon modified hie 
apparatus so that the oil and steam met at an acute angle. 



FiQ. i. — Ajdon and Selwyn'a burner ; »nd, 6, arrangBmant of furnace. 

The steam spray was regulated by a tapering spindle, which 
was kept in position by a small pressure screw. The pipe 
in which the meeting of oil, steam, and air took pace 
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remained the same, except that an opening was provided 
beneath for the admission of air. During the first 
experiments of Selwyn two fire-bridges were placed in the 
fire-box and the floor was covered with fire-bricks. Subse- 
quently this brickwork was removed, and the fire-bridge 
alone remained. A coil of piping was, however, hung 
between the Field tubes, and through this the steam, being 
previously superheated, had to pass before it arrived at 
the sprinkler. The fire-door was removed, and was replaced 
by a cross-barred slide, by means of wliich the air was 
regulated. The results of the trials made showed a 7*5- 
fold evaporation with coal, against a 10*5-fold evaporation 
with tar residual. The Admiralty was so satisfied with this, 
that the boiler of H.M.S. Oberon was placed at Admiral 
Selwyn's disposal for further experiments. This had a 
heating surface of 1707 feet, whereas the Field boiler had 
a heating surface of only 1063 square feet. For these 
experiments Admiral Selwyn used a nozzle-sprinkler in 
which the oil was delivered through a central pipe, and the 
steam through a concentric pipe. With a view to making 
the boiler immediately available for coal firing, the grate 
was not removed, but was merely covered with fireproof 
stones, which attained a white heat, and were found 
excellent non-conductors. For the same reason the steam 
superheating pipe had to be placed to the forward smoke- 
box. During a three hours* trial, on November 13, 1868, 
2*2 lbs. of tar oil evaporated 33'9 lbs. of water at a 
temperature of 100^° F. with a steam pressure of 40J lbs. 
The other trials did not show results quite so satisfactory. 
In cases of water of a temperature of 212° F. the best 
result attained was an evaporation of 37 J lbs. of water with 
2*2 lbs. of tar oil, the theoretical evaporating power of 
which is put down at 38*6 lbs. A perfect combustion of 
the oil was therefore practically obtained. 

In the burner of Dorsett and Blythe (fig. 6) the retort 
and burners were separate. Experiments with this appliance 
were carried out on board the Retriever, When steam 
was generated the two boilers employed were filled with 
heavy tar oil of 1*050 specific gravity, and this was 
evaporated by means of an ordinary coal fire. When the 
oil vapour reached a pressure of about 20 lbs. per square 
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inch it waa conveyed to the retorts of the furnaces, where 
it entered a couple of bumera, which continued the 
evaporation of the oils. 
When the oil vapour 
had attained a pressure 
' of 50 lbs. per square 
inch, or a temperature 
of 932° F., it was ad- 
mitted to the furnaces. 
About 75 mm. above 
this a sheet of iron 
was attached, which 
extended backwards as 
far aa the combustion 
chamber. About 75 
mm. still higher 
another iron sheet was 
placed, shorter and per- 
forated. This 



vered with fire- 



bricks. The back Fio. a.-Dorsettaod BIytlie'sgaafnrn»ee. 
Opening between the 

two sheets was filled up with these bricks, the forward 
part only partly, SO that a certain volume of air could 
enter and fiiid its way through into the furnace. Another 
volume of air, regulated by means of a sliding valve, 
entered into the combustion chamber between the lower 
iron sheet and the ash -plate. The gas -supply pipe 
entering each furnace ran along the fire-bricks as far as 
the coim)Ustion chamber, and then turned back. The com- 
bustion chamber at the back, common to all three furnaces, 
also contained a gaa pipe which communicated with those 
in the furnaces. The gas pipes in the furnaces had four 
holes of O'OS inch in diameter, and that in the combustion 
chamber had eight such holes, so that the boiler was 
heated by twenty gas flames. Each pipe had an entrance 
and a vent tap, the first for regulating the supply, and the 
latter for carrying off any condensed oil which might form 
during the heating. In consequence of the very high 
temperature of the oil vapour, the retort boilers as well as 
the gas pipes were covered with a coating of sheet iron. 



and the spaces between were filled up with sand and 
pottery. About 150 horse-power was given out by the 
engine, which means, at an hourly consumption of 529 lbs. 
of oil, about 3'52 lbs. of oil per indicated horse-power per 
hour. The evaporation, which was 12'35-fold, according to 
Paul, agrees with these data. The combustion also seems 
to have been good, and very little smoke was given out 
by the steamer. 

Lenz'a first sprinkler (figs. 7 and 8) was introduced in 1870, 



FiOB. 7 and 8.— Lcnz's first bnrner. 

and was extensively used on the steamers of the Caspian 
Sea and lower Volga. In this burner two pipes lead to 
the sprinkler in the fire-door ; the upper one conveys the oil, 
and uie lower one the steam. The sprayer is divided into 
two by a partition A (fig. 8), thus preventing the inter- 
mixture of oil and steam. This division terminates in a 
tapering tongue B, in the grooves of which the oil flows 
out to be blown into separate thin sprays by the steam 
that comes out from underneath this tongue. The intervals 
between the sprays of oil serve to facilitate the access of 
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air. The flow of oil and steam is regulated by the circular 
slides C C, which are pressed by spiral springs against the 
inner walls of the cylindrical sprinkler. A spigot fastened 
eccentrically in the axle of the spindle D grasps each slide. 
The spindles D are firmly packed at E against the parti- 
tion, and terminate outside the sprinkler with a square 
section, so that they can be turned by keys, and thus effect 
the displacement of the slides. Should the flow of the oil 
be stopped, the oil pipe is shut off", the tap F is opened, and 
the tongue openings are then blown through. When a 
thorough cleaning is necessary, the cover G is unscrewed. 
The flrst Lenz sprinklers were not at all satisfactory, as the 
flame did not uniformly heat the furnace, and combustion 
was imperfect, while the walls and ends of the pipes were 
destroyed. Soot formed in considerable quantities, and a 
very poor duty was obtained per indicated horse-power 
per hour, requiring as much as 6*6 to 7*7 lbs. of mineral oils. 

The new slit-sprinkler of Lenz was furnished with a 
circular opening round the cylindrical chamber, instead of 
a straight slit. This insured a circular flow of the oil 
spray. The slides were also made cylindrical, and were 
movable ba/ckwards and forwards in the chamber. For 
this purpose grooved eccentric rings were placed round the 
spindles, and run along a groove in the centre of the slides. 
The tongue was also altered for the purpose of obtaining a 
broader flame. This improvement was specially adapted 
for marine boilers and locomotives, and through its intro- 
duction the utility of the Lenz sprinkler was greatly 
augmented, although its cost was considerably increased. 

The nozzle-sprayer of Korting (figs. 9 and 10) was intro- 
duced in 1876, and has been used in boilers arranged for 
coal fires without requiring any change in the fire-box. 
The non-superheated steam is admitted into the sprinkler 
by the valve A, and enters first into a well-shaped compart- 
ment, from which it escapes into the nozzle through small 
orifices in the copper tube. This arrangement ensures the 
liberation of the steam from the deposited water, the 
volume of which might become very considerable in a 
small steam pipe only 15 mm. in diameter. The condensed 
water does not pass out of the orifices with the steam, but 
remains behind in the bell-shaped compartment, and is 




drawn off from time to time by means of the screw valve C. 
The steam streaming through the nozzle sucks in the air 
through the orifices 
E, mixes with it, and 
this mixture vapor- 
ises in the mouth- 
piece F an oil spray 6 
mm. diameter, which 
flows out of the 
nozzle and is i^e^- 
lated by a tap. The 
vapour spray and 
the oil spray meet 
at an angle of 90 
deg., and, as will be 
noticed, the flame is 
blown slantingly into 
the fire. The air 
sucked up by the 
steam jet is said to 
produce a better 
combustion by being 
drawn through oil. 
Since 1886 the 
homer used by Kbrting has been that reproduced in 
fig. 11. This sprayer is very similar to that of Aydon 
and Selwyn, already described. The oil flows out of 
the slit - like openings, and is 
vaporised by steam jets, which U 
meet it at an acute angle. The 
steam jets, which issue from 
orifices of from "04 to ■08 inch in 
diameter, are together somewhat 
broader than when taj was em- 
ployed. Should the nozzle get 
stopped up, the plug C is taken 
out, the supply turned ofi^, and 
the nozzle cleaned out with the 
needle D. Ficn.— KortiQB'athirdbnmer. 

Professor Urquhart's first liquid- 
fuel burner was experimented with on the Griasi-Tsaritsiu 
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Railway in Russia.^ but owing to the large consumption of 
oil involved, the system was relinquished. 

Between 1882 and 1885 Urquhart'a latest nozzle-sprinkler 
(figs. 12 and 13) was introduced. In this the oil is con- 
veyed from the tanks in the tender by means of a tube and 
a pipe into the burner. The non-superheated steam leaves 
the dome of the boiler and enters the latter ; it passes 



Pios. 12 and 13, — Sectional views of Urqnhart'a burners. 

throHgh orifices into the interior of a bronze spindle, and 
escapes through the front of the nozzle. A spiral wheel 
which moves on a spring in a groove regulates the outlets 
for the oil residuals. To obtain the requisite amount of 
air the burner is fixed so as to extend into a pipe-rest, and 
a space of about 1 inch is allowed between the flange of 
the sprinkler and the plate of the boiler. The oil and 
steam are separated inside the sprinkler by means of a box 
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filled with asbestos packing, which haiS to be reiicwed about 
once a month. The admission of ateam is regulated by a 
special valve in the pipe. Professor Urquhart, after making 
numerous experiments with these burners in 1884, found 
that, by using oil for his locomotives instead of coal, a saving 
of 53 per cent, could be effected. In locomotives burning 
anthracite, and with a steam pressure of 8 atmospheres, 
from 7 lbs. to 7^ lbs. of water was evaporated by 1 lb. of 
anthracite; whereas 1 lb. of oil evaporated from 11 35 lbs. 
to 12'25 ll«. of water. As a result of this, 143 locomotives 
, were fitted with this system on the above-mentioned 
Russian railway as early as 1885. 

Should the burner get stopped up, the spindle has only 
to be screwed back, and the oil will force the carbonised 
particles into the fire-box. Urquhart also protected the 
walls of the pipe against the fiames, and prevented the 
deteriorating effect on the boiler which their direct action 
would entail, by lining the inside of the furnace (fig. 14) 
with fire - brick. The 
I sprinkler is fixed rather 
I low, and blows into a 
I furnace chamber built 
into the fire-box and 
covered with a vaulted 
roof which slants off in 
the direction of the tube- 
plate. The brickwork 
stands out from the wall 
of the fire-box about 2 
inches, so that these 
walls are not lost to the 
heating surface. The 
flames beat from the 
furnace chamber against 
what was previously the fire-door, and which has been 
bricked up, leaving only a peep-hole. Two channels 
are built into the walls of the furnace chamber, and 
lead a portion of the heating gases to the lower surface 
of the tube-plate, as well as into the spaces between 
the brickwork and the outer walls of the fire-box, so as 
to give these a larger heating surface. The requisite 
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amount of air is forced into the furnace by the burner, and 
more air is admitted by the ash-pan dampers, which are 
regulated by chains and chain wheels. The air entering at 
the front ash-pan damper passes through a channel, and is 
warmed before being admitted to the gases. Complete 
combustion of the oil is insured by fitting the fire-box with 
tiles, which, being non-conductors of heat, keep the walls 
of the fire-box at an equal temperature, and even relight 
the oil-stream should it have a tendency to become 
intermittent. 

The burners introduced by M. Jules D'Allest, chief 
engineer of the Cie. Fraissinet of Marseilles (figs. 15, 16, 
and 17), were the outcome of an express wish on the part 




Fig. 15. — D'Allest's burner, using compressed air. 

of the French Ministry of Marine to obtain a burner suit- 
able for use on torpedo-boats. The experiments made with 
these burners, therefore, form an interesting link in the 
general development of liquid fuel, while they were probably 
the most exhaustive whioh had been carried out up to 
that time. The first burner consisted of a conical chamber 
of bronze, to which the liquid was conducted through a tube. 
Through the chamber into which the petroleum was 
admitted ran a spindle or small shaft, which was operated 
from the end by a small handle; the top of this spindle 
filled the orifice at the mouth of the burner. When drawn 
back, an annular opening was shown, varying between 
and 2 mm. Through this annular opening the petroleum 



passed into the furnace in the form of a hollow cylinder. 
The steam, led to the sprayer through a pipe, surrounded the 
oil chamber, heating the contents, and, escaping in a stream 
of cylindrical form, enclosed the petroleum, and reduced it 
to spray, projecting it thus into the furnace. The force of 
the fire was regulated by the valve, which could be moved 
backwards or forwards, either diminishing or increasing 
the quantity of hydrocarbons introduced into the furnace. 
The burners are said to have worked well, and consumed 
between 10 and 80 kilos, of petroleum per hour. Two of 
these sprayers evaporated 2080 litres of water per hour. 



If the evaporation amounted to 30 litres of water per 
square metre of heating surface, this would oorrespond to 
a furnace having a heating surface of 69 square metres. 

In order to obtain a larger evaporation per heating 
surface than was here the case, a second jet of steam was 
introduced inside the oil jet. Thus, the oil came out 
enclosed by two pulverising streams, which broke up the 
former to a much greater extent and produced more perfect 
combustion. Experiments were made with a view to 
comparing results with natural and forced draught, and 
M, D'Allest gave two interesting tables, from which the 
following are reproduced : — 
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With Natural Draught. 





No. of Experiment. 


1 


4 


6 


10 


Duration of experiment, hours 


4-15 


3-06 


6-28 


5-20 


Consumption of oil in kilos. — 






• 




Total 


260-29 


183-74 


382-78 


336-85 


Per hour 


61-24 


59-27 


59-19 


63-16 


Per sq. m. of grate surface per hour . 


69-57 


67-34 


67-24 


71-76 


Temperature of feed water 


23° 


28° 


28° 


28° 


Pressure in boiler, kilos. 


3 


• • • 


• • • 


• * • 


Water evaporated, kilos. — 










Total 


3100 


2100 


4425 


8900 


Per hour 


729 


677 


684 


731 


Per sq. m. heating surface 


37-38 


34-71 


35-07 


37-48 


Per kilo, of oil 


11-90 


11-42 11-55 


11-57 


Same reduced to 100° 


13-81 


13-15 13-30 


13-32 



The fuel used in this case was Russian astatki. 



With Forced Draught. 





1 


2 


3 


Duration of experiment, hours 


1-30 


4-30 


6-00 


Consumption of fuel — 

Total, kilos 








213-92 


608-44 


784-68 


Per hour 


142-61 


135-21 


136-78 


Per sq. m. of grate surface per hour 








(surface as in torpedo-boats of 525 h.p.) 


375 


350 


344-16 


Temperature of feed water .... 


16° 


18° 


17° 


of smoke-box 


350° 


302° 


380° 


of air chamber 


25° 


20° 


28° 


Pressure on boiler, kilos 


3 


• • • 


• « • 


Water evaporated — 

Total, kilos 








2200 


7119 


9432 


Per hour, kilos 


1464 


1582 


1572 


Per sq. m, heating surface, kilos. 


73-20 


79-10 


78-60 


Per kilo, of fuel 


10-27 


11-70 


12-02 


Per kilo., reduced to 100°. 


12-01 


13-68 


14-06 


Pressure of blast — 








In supplv box, mm. .... 
In tube box, mm 


45 


24 


45 


10 


8 


8 
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This last table, remarks D'Allest, shows that the use 
of petroleum with forced draught evaporation reaches 
extremely high limits, and a great deal higher than those 
that can be obtained with coal. It is also noticeable that, 
by increa^sing the supply of petroleum and air into the 
furnace, a still greater evaporation would have been 
obtained. With the use of coal on torpedo-boats of this 
size, 800 kilos, of fuel evaporated only 6*5 to 7 kilos, of 
water per kilo, of coal. 

The engineer then works out a comparison of the eva- 
porative power of coal-burning and petroleum-burning 
boilers. In a boiler burning coal, he says, to consume a 
kilo, of combustible there must pass into the uptake 10*64 
m.c. of products of combustion to evaporate the maximum 
of 8 litres of water. In a boiler burning petroleum, how- 
ever, to burn the same quantity of combustible it is 
necessary to consume 14*36 m.c. of the same products; 
therefore, 13 litres of water are evaporated. In other 
words, to evaporate a litre of water it is necessary with 
coal to circulate in the boiler 

i5^^=m.c. 1-330 of air, 

o 

and with petroleum, 

11:?? = m.c. 1-104; 
13 

or, for the circulation of 1 cubic metre of gas in the flue, 
the boiler evaporates, employing coal, 

1 



1-330 

and with petroleum. 



= '75 litre of water, 



L =0-90 litre. 
1-104 

The result of this is that, with equal sections of tubes, and 
consequently equal heating surface, and with the same 
conditions of draught, with naphtha the same boiler 
evaporates 

0*15 
"90 -0-75 = 0-1 5, whence —— = 20 per cent, more than coal. 

' 0-76 ' 

It therefore also follows that to evaporate the same 
quantity of water in a unit of time with the same draught, 
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the petroleum boiler can be 20 per cent, smaller than the 
coal-burning boiler. Now, a still greater diflference has 
been found in practice, caused by the fact that in burning 
coal there is introduced into the furnace a much greater 
quantity of air than is theoretically necessary, while with 
petroleum, on the contrary, this quantity of air is reduced, 
on account of the intimate union of the combustible and 
the supporter of combustion, and on account of the uniform 
flow of the two, all which brings the combustion nearer the 
theoretical conditions. This observation, and the com- 
parison previously made between the products of combus- 
tion in the two cases, explain the considerable evaporation 
that has been demonstrated in the experimental boiler. 

M. D'Allest also deals in the same paper with the use of 
compressed air for pulverising the oil instead of steam. 
He remarks that on a torpedo-boat, the water supply being 
limited, it would be inconvenient to employ steam, and 
looks favourably on air as a substitute. The air must, 
of course, be heated to about 60° or 60° C. Compressed 
air, however, was not a new idea even at the time of M. 
D'AUest's experiments, as a French company, the Forges et 
Chantiers de Marseilles, experimented with an air pulveriser 
imported from Russia previous to 1883. M. D'Allest does 
not, however, seem to have taken into consideration the 
additional space that would be occupied by the air com- 
pressor, which is a disadvantage on such a vessel as a 
torpedo-boat. 

Thus we are brought down to the year 1883, which may 
be said to mark the commencement of a fresh period in 
liquid-fuel progress, as we now reach the era inaugurated 
by the burner introduced by Mr James Holden, locomotive 
superintendent of the Great Eastern Railway, who has 
devoted so much time to the problems of liquid fuel 
burning, and whose improvements will be dealt with in the 
following chapter. 



CHAPTER VI. 

MODEEN BIJENEBS AND METHODS. 

Since the year 1883 the progress of oil as fuel has been 
more rapid than in its previous history. This has been 
due to the greater attention paid to the engineering 

Problems connected with its use, and to a recognition of the 
ifficulties which had to be removed in order to obtain a 
good combustion and to prevent the deposition of carbon 
in the tubes and other parts of the burner. It was further 
recognised that the burner is not the only important con- 
sideration in the burning of fuel oil, and that the arrange- 
ment of the furnace itself meant either a proper utilisation 
of the heat generated or a waste of energy and money. 

It was about this time that Mr James Holden, locomotive 
superintendent of the Great Eastern Railway, turned his 
attention to the use of liquid fuel for steam-raising. The 
first kind of fuel that he employed was the waste tar that 
he obtained from the oil gas works at Stratford, for which 
Mr Holden set about inventing spraying apparatus. His 
purpose was to devise one which would be independent of 
any extra brickwork, and also should be available for use 
in conjunction with coal, and he ultimately introduced a 
system by which it became possible to fire a boiler either 
with coal alone, as ordinarily used, with coal and oil com- 
bined, or with oil alone. 

Such an arrangement, of course, possesses great advan- 
tages over those where special treatment of the furnaces is 
required, for, as the ordinary grate remains, steam can be 
raised with wood or coal. 

In the early days of oil-firing experience, Mr Holden 
discovered that ordinary jet burners could not be relied on to 
eflBciently spray oil enough for the generation of sufficient 
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steam without the brick arrangements objected to, and a new 
burner was therefore devised with many improvements in it. 

The burner for locomotive work in its latest f onn is shown 
in figs. 18 and 18a. It consists, primarily, of a coned body 
AA, to the interior of which the oil fuel is admitted through 
a specially-designed regulating valve BB. Inside the body 
an annular steam jet D is introduced, possessing a central 
passage for assisting in the supply of air, and also for 
enabling a wire to be passed through the burner without 
shutting off either oil or steam. At the front, immediately 
behind the nozzle, a hollow ring CC is attached, and to this 
steam is admitted and allowed to escape from six very fine 
jet holes. It is the provision of this ring and its arrange- 
ment that enables the " Holden " burner to dispense with 
the brick walls which are necessary with other devices for 
atomising and distributing oil fuel. Another requirement 
fulfilled by this steam ring is that the jets induce a strong 
current of atmospheric air, which is carried forward and 
mixed with the spray as it emerges from the nozzle, ensuring 
complete combustion. The steam supplied to the ring is 
conveyed through a branch from a small regulating valve 
attached to the rear of the burner, so that only one pipe is 
required from the boiler; the small jets in the front of 
the ring are at such angles as have Deen found to most 
thoroughly split up the oil. 

The valve BB used for regulating the flow of the oil 
fuel is of special construction, and in the Holden burner 
a small reservoir of oil is formed by the body of the valve, 
a tube with a slit in it being moved up and down inside. 
With this valve very fine adjustments in the flow of the oil 
fuel are possible. 

In the case of the burners adapted to stationary boilers 
the main supply of fuel is first admitted by turning the 
wheel F. Should an increased quantity be required, it is 
provided by opening the valve actuated by the wheel E, 
and as the luel issues from the hole on the top of the nozzle 
it is atomised by the steam from the ring and centre cones. 
By this arrangement a larger portion of oil fuel can be 
injected, sprayed, and atomised without increased con- 
sumption of steam. The steam supply to the ring on 
the injector is regulated by the small cock G. 
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One advantage of the Holden ayetem for stationary boilers 
is that, when the main valve is cloaed, the auxiliary supply 
is also cut off. 

Further illustrations (figs. 29 and 35) are given of the 
Holden burner, which is also referred to in the chapter 
dealing with liquid fuel on railways. There can be no doubt 



Fio. 18.— Holden'B oil-fa«1 bonier for locomotives. 

that a great deal of the progress of this form of fuel is due to 
the time and thought Mr Holden has expended in perfecting 
the burner which bears his name. It is now used ex- 
tensively on the Continent and in other parts of the world. 
On the Austrian State Railways alone the sixty-eight loco- 
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motives which are rimning on liquid fuel are fitted with the 
Holden syetem. It is on this line, upon which the six-mile 
Arlberg tunnel occurs, that such excellent economic and 
chemit^ results have been achieved. In the first instance 
petroleum and coal were used conjointly, but latterly oil 
alone has been employed. 



Fig. ISa, — Geii«rHl view of Holden's burner. 

In addition to Mr Holden, a number of firms and 
individuals have devoted a considerable amount of time to 
the subject of improving existing methods of burning oil 
fuel. Messrs Kermode of Liverpool, Messrs Korting, Mr 
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E. L. Orde, of Messrs Armstrong, Whitworth & Co., Messrs 
Rusden and Eeles, among others, have all introduced special 
forms of burners, which are illustrated herewith. 




oil Supply 




Fio. 19. — Babcock and Wilcox marine type boiler, arranged for the 

Kermode system. 

The first of those mentioned, that of Messrs Kermode 
(fig. 19), has the following characteristics. The oil supply is 
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obtained from an elevated tank, flowing by gravity to the 
burner, with which the pipe is connected By a plug and 
cone. The burner itself contains an inner tube through 
which both oil and air pass. The tube contains a acrew 
device, which is an extension of the valve employed for 
regulating the supply of oil and imparting a whirling motion 
to the oil. The outer casing is spirally grooved, which gives 
a rotatory movement to the air. 

The Kiirting burner (fig. 20) differs from others in that 
the pulverisation is direct, that is, the oil is forced merely 
by pressure through the burner. The oil is first heated to 
a temperature of 130° C. and then is forced through the 
burner under a pressure of 50 lbs. to the square inch. The 



FiQ. 20. — Korting'a bnruer. 

oil flows into a chamber feeding the jet, and this jet is, 
as will be seen from the accompanying sketch, fixed to a 
spindle carrying a spiral screw. The oil is forced down this 
spiral, acquiiing a centrifugal movement, which sprays it out 
of the jet in a very finely divided state. 

This simple method has many points to recommend it, 
and has been employed with very satisfactory results on 
vessels of the Hamburg- American line. 

Another form of steam pulverising burner largely used 
in practice is that designed by Messrs Ruaden and Eelea 
(fig. 21), one of the burners employed on the vessels of the 
Shell line. In this burner, oil, after having been heated by 
means of a steam jacket, is sprayed out by the steam, and 
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as the burner is so made as to allow of separate adjustment 
of the steam and oil jets, the consumption of the fuel can be 
easily controlled to the special work it has to do. 

In the burner designed by Mr E. L. Orde (fig. 22) highly 
superheated steam is employed, eOO"* F. being the tempera- 
ture at which it probably works best. The steam is so 
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Fio. 21. — Riisden and Eeles' burner. 



arranged as to sweep out and spray the oil at a very high 
velocity, thus inducing a current of hot air in conjunction 
with the steam and oil. 

In addition to these systems there is that of Swensson 
(fig. 23). In this, as in the Korting burner, the oil is merely 
forced into the burner by pressure, having been previously 
heated in a steam-jacketed tube. The oil passes through a 
tine jet on to the point of a V-shaped metal cutter, which 
has the effect of pulverising it in very tine spray. 
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FlQ. 22. — Orde'a burner. 
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Mention may also be made of the Diirr system (fig. 24). 
In this apparatus, the oil is supplied by air pressure through 
a heated retort, in which it is vaporised, and the vapour is 
then gasified in a chamber in the mouth of a furnace heated 
to a high degree. The gas is led straight for combustion 
into the furnace. 

The number of new oil burners introduced in different 




^^^^^^ 
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Fio. 24. — Arrangements of DUrr system. 

parts of the world is far too large to refer to all here. 
Several burners used in the American naval tests are 
illustrated and described in the chapter dealing with 
naval work. They are, however, in principle similar to 
those described and illustrated here, or are some modification 
of them. At the same time, it cannot be said that the 
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perfect oil burner has yet been found, though very great 
advance has been made in that direction. 

For the successful use of liquid fuel it appears to be a sine 
qua non that auxiliary apparatus and extraneous sources 
of heat must be avoided, and the furnaces made practically 
self-contained, if anything approaching perfection is to be 
attained. It must be upon simplicity, ease of working, and 
freedom from complicated parts that the progress of liquid 
fuel must chiefly depend. 

The direct pulverisation of the oil is now coming to be 
recognised as the proper method; it is the most efficient 
and the most economical. 



CHAPTER VII. 

OIL FUEL FOE MABINE FUBPOSES. 

During the last few years the application of oil fuel for 
marine purposes has received very considerable attention 
from all the leading countries of the world. The chief 
impetus for this movement was received from the Shell 
Transport and Trading Co., nearly the whole of which 
company's vessels are run on this description of fuel. The 
original source of this application is no doubt the extensive 
use which oil fuel finds on the steamers of the Caspian Sea, 
and which began as far back as 1870. The burner employed 
was that introduced by Shpakovsky, who was the first to 
use steam as a pulverising agent. Later on, however, the 
Caspian Sea fleet was fitted with the Lenz burner, a de- 
scription of which has already been given. This was no doubt 
the starting-point of the fitting out with liquid-fuel burners 
of those vessels which have since adopted it. The vessels 
include, in addition to the Shell Line Co.'s fleet, the Nether- 
land, the North German Lloyd, the Hamburg-American, 
the China Mutual, and the East Asiatic Companies, though 
none of these use it on so extensive a scale as the first- 
named company, which has between thirty and forty vessels 
burning liquid fuel. The Messageries Maritimes, the largest 
French shipping company, are also like to adopt oil as fuel 
very shortly, it having been strongly advocated by the 
president, M. Andr^ Lebon. The application of oil fuel to 
the marine services offers greater difficulties than its use in 
stationary engines and locomotives, and consequently the 
experiments made in different parts of the world have been 
more varied, more especially as the conditions governing its 
use in the two branches of the service, the mercantile and 
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the naval, differ considerably. So greatly is this the case, 
that arrangements which are suitable to a merchant ship 
are quite useless when applied to a battleship, and the 
reasons for this will be apparent when the following data 
and descriptions have been perused. 

As the application of oil fuel in the two branches of the 
service differs so radically, each will be dealt with separately. 
The chief advantages, however, which are common to both, 
as has already been pointed out, include the great reduction 
of stokehold staff, ease and regularity of working, cleanli- 
ness, rapidity of loading up the supply of fuel, saving in 
space occupied by fuel, and augmented accommodation for 
cargo, passengers, or crew. An advantage of liquid fuel 
pointed out by Sir Fortescue Flannery, M.P., is in the 
matter of stoking. Some of the great American liners, he 
says, experience a difficulty in maintaining their full-power 
speed as compared with the performances when the ships 
are new. This is not due to a deterioration of boilers or 
machinery, or to the quality of the coal, but to a difficulty in 
getting the trimming and stoking done to the fullest capacity 
of the boilers. Such an obstacle would not be present in 
the case of liquid fuel being used. 

For a record of experience on a merchant ship, we cannot 
go to a better source than to the officers of the Shell 
Line Co., under whose auspices much has been done to 
advance the claims and development of oil fuel. The 
writer had the privilege of visiting one of these fine vessels, 
the Cowrie, and in an interview with the captain and 
the engineer, gleaned much important and interesting 
information, which was printed in the Petrolewm Review, 
and is reproduced here as being an excellent rdsumS, not 
only of the advantages of the fuel, but the difficulties 
which had to be encountered. 

The words in which Captain Davies of the Cowrie, in 
a comparison of liquid fuel with coal, expressed his views, 
were that, in a way, it was much easier to work, much 
cleaner, reduced the number of stokers, and maintained 
more equable heat. 

Mr Buck, the chief engineer, who had practical experience 
in the working of the fuel during the voyage, said that 
liquid fuel may generally be described as much preferable 
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to coal. Leaving Balek Pappan with 670 tons of liquid 
fuel in the bunkers, they set out on their journey. The 
various trivial circumstances always attending first efforts 
were not wanting on the Cowrie, It was only, however, 
a question of becoming familiar with the new appliances 
and methods of working, and these once thoroughly 
mastered, there could be no doubt of the superiority of the 
one fuelover the other. For the purpose of replenishing 
its exhausted bunkers, the steamer called at Colombo and 
took in a further 350 tons of liquid fuel, and an 
additional 630 tons again at Suez. At both of these places 
the oil was obtained from the company's own storage 
tanks. This brought the boat to London, and left a 
balance in the bunkers of about 150 tons The burners 
used on the Cowrie are of the Holden type, and therefore 
need no detailed description here. 

But as those who have used liquid fuel know full well, 
it is not only the burner on which good and economical 
working is dependent, but also upon the arrangement of 
the furnace itself. The difference between burning coal 
and using oil is that with the former it is possible to get 
a very extended heat-surface, while the tendency with oil 
is to concentrate the heat too much. To overcome the 
difficulty, certain dispositions of fire-brick in the furnace are 
made. The special method which had been adopted on 
the Cowrie was as follows: — ^The column and bridge of 
fire-brick, which are usually placed above the centre of the 
grate, and under the arch, so as to break up the flame as 
it comes from the burner, has one defect, in that, although 
it splits up part of the flame, it allows a considerable 
portion to fly over the bridge in one unbroken mass. To 
remedy this defect, Mr Buck carried the column of fire-brick 
supporting the bridge to about the same height above, so 
that the flame is split up to a much greater extent. In 
addition to this, he built up at the ba<ck of the boiler 
another partition of fire-brick, having four holes left by the 
omission of four bricks in it, which again eflects a more 
thorough splitting up of the flame. He found that the 
system worked very well. 

One of the points brought out in the conversation with 
Mr Buck was the trouble of getting up steam. The 
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difficulty lies in getting up steam too fast, as it is 
not easy to keep a small flame going, and the heat 
increases too suddenly. The only way of obviating this 
is to ignite the burner intermittently ; that is to say, if 
you light up at 7 o'clock, shut off at 7.30, at 8 o'clock 
light up again, shut off at 8.30, and continue this until the 
vessel is ready to start. 

Another point in connection with liquid fuel elicited 
from Captain Da vies was that from the point of view of 
economy something remains to be done in regard to the 
burner. "If we could save the 4 or 6 tons per day," he 
remarked, " which it is necessary to use to provide the steam 
for pulverising the oil, it would be a great thing." His idea 
was that improvement lies in the direction of hot air, and 
it is interesting to note that the boats of the Dutch line 
pljdng between Singapore and Batavia have a system of 
hot air in use, which is described later. 

An interesting comparison may also be made with the 
Cowrie on her last voyage, burning oil, and on a previous 
trip while burning coal. From Port Said the time occupied 
while burning liquid fuel was only 14f days, whereas, 
while burning coal, the time occupied between Port Said 
and London was 16 days. 

The consumption of liquid fuel on the steamer may be 
put at about 26 tons per day, compared with a consumption 
of from 30 to 32 tons of good Welsh coal. On the Gowriey 
wherever motive power is required, oil is the fuel that 
produces it; there is absolutely no coal used. The pumps 
for pumping out oil from the tanks are driven by it, the 
donkey boilers for general purposes are heated by it, and 
the capstan, winches, and the steering gear are entirely 
worked by it. 

Other interesting data in connection with the mercantile 
service are provided by the record of experiments made on 
the Eoumanian mail steamer Kirig Charles 1} towards the 
end of 1901. 

The King Charles I, runs between Constantza and Con- 
stantinople, and is capable of carrying 60 first, 60 second, 
300 third class passengers, and 400 tons of merchandise. 

^ Moniteur des InUrits Petroliferes Rowmain. Translation in Petroleum 
Review, 
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Length of steamer 360 feet. 

Gross tonnage 2360 tons. 

Net tonnage 889 ,, 

Bunker capacity 400 ,, 

Maximnm speed 19 knots. 

Total h.p. of engines (two vertical triple 

expansion with surface condensers) . 6500 i.h.p. 

Revolutions per minute . . . . 150 
Heating surface of boilers (four boilers of 

marine type, of which two are ordinary 

boilers with four furnaces and two 

double ones with eight furnaces each) . 5800 ft^et. 

Pressure of boilers 12} atmos. 

For the purpose of using the new fuel the vessel was 
fitted with all the necessary accessories. As a measure of 
prudence, during the experimental period of one and a half 
months the petroleum fuel was only used under one boiler, 
the other continuing to bum coal. 

The oil was stored in the water ballast tanks, the supply 
of oil which the vessel could take in these tanks being 280 
tons. A Worthington pump served for raising the oil from 
the tank into two elevated reservoirs installed above the 
boilers. From these reservoirs the oil flowed by gravita- 
tion to the petroleum injectors or pulverisers. In the 
tanks, as well as in the elevated reservoirs, the petroleum 
was heated by a steam coil. 

Each furnace was provided with a petroleum pulveriser 
on the Wolff system. 

After the experiments with the one boiler were com- 
pleted, all the boilers in the vessel were adapted for burn- 
ing the new fuel, and since then the King Charles I. has 
used nothing but petroleum residuals in her furnaces. The 
installation has received certain additions and modifications. 
The chief of these is that the pipes through which the 
condenser water from the tanks and the elevated reservoirs 
was conducted, and which at the beginning were arranged 
in such a manner as to conduct the water into the con- 
densers, thus realising an economy of from 2 to 3 per cent., 
were rearranged in such a manner that the condenser 
water discharged itself into the hold of the vessel, thus 
renouncing this economy for the sake of greater safety. 
Such a measure was considered necessary, because the coils, 
which, by reason of their length, were made up of several 
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pieces, did not remain perfectly tight, and the oil penetrated 
through the coils and condensers into the boilers, where the 
presence of petroleum is a serious danger. 

The internal arrangement of the furnaces was also modi- 
fied, and whilst at the beginning matters were arranged in 
such a manner that the air required for combustion entered 
only from underneath the injector, it was subsequently 
arranged in a different manner. The air required for the 
combustion of the oil enters the furnace partly from below 
the injector and partly through holes in the bottom, which 
separates the furnace from the chamber in the rear. The 
air which enters through these holes has the effect not only 
of completing the combustion, but also of beating back 
the flame when a vacuum is formed occupying almost the 
whole furnace, and while abating the great speed of the 
flame, it prevents the formation of a white and powerful 
one, which might produce superheating of the parts at 
those points where they are not covered up with fire-bricks. 
The furnace is also refreshed by the air which enters it 
in a pre-heated state. 

The writer of this record points out the following danger 
from carelessness of the crew in regard to closing the air 
valves when the furnace is not in use. When the fires are 
put out on the vessel arriving in port, if the valves for 
the admission of air into the furnaces are not closed 
hermetically, the cold air penetrates in large quantities 
into the furnace, and unequal contractions in the interior 
of the furnaces are caused, thus producing leakages in 
the smoke flues. It is therefore necessary on the one 
hand that the stokers should always take care when 
extinguishing the fires to close well the air admission 
valves in the furnaces, and on the other hand it is 
necessary that the installations should be made in such 
a manner that the hermetical closing should be the most 
perfect possible. 

When coal was burned on board the King Charles L 
there were three shifts of six stokers, or eighteen stokers in 
all. Since petroleum has been burned only six stokers are 
required, and even these have but light work. 

With coal the consumption of fuel on the vessel was 
about 150 tons of Westphalian coal per voyage — ^that 
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is, from Constantza to Constantinople and back, plus the 
consumption while in port. 

The consumption of oil fuel for the same trip amounts to 
between 70 and 80 tons of petroleum. 

It is estimated that the total economy which can be 
secured on the King Charles I. by burning petroleum instead 
of coal may amount to 100,000 francs per annum, if the 
price of petroleum does not exceed 40 francs per ton. 

The Dutch steamer to which reference was made above 
is a vessel belonging to the Koninklijke Pakewaart Maats- 
chappij, of which Mr R. A. Meyer is the superintending 
engineer. He is also the inventor of the system used in 
this company's steamers, and which is described below. 

With the object of overcoming the difficulties consonant 
with the use of steam for pulverising purposes, Mr Meyer 
set himself to solve the problem, with the result that he 
adapted for sea-going steamships the system of injecting 
the oil into the furnaces under pressure by a common steam 
or donkey pump, while the exhaust steam of this pump is 
returned to the main condenser, thus avoiding the loss of 
freshwater. 

On its way from the oil tanks to the donkey pump, and 
from there to the nozzles in- the furnace fronts, the oil is 
heated and filtered by an arrangement as shown on the 
opposite page. 

The other illustrations (figs. 26 and 27) show the arrange- 
ments of the burner and of the furnace. 

In fig. 25, A is a valve box with suction pipes from the 
oil tanks and connections to pump the residuals from one 
tank to the other. 

B is a heating apparatus which heats the residue slightly 
by the exhaust steam of the donkey pump on its way to 
the condenser, thus rendering it more fluid. 

C is a filter for cleaning the residuals of dirt; C is a 
reserve filter to be used while the filter C is cleaned ; D is 
a donkey pump ; D' is a reserve donkey pump, to be used 
in case of repairs to pump D ; E is a heating apparatus to 
heat the residuals to 200° Fahr. with the live steam 
on its way from the boiler to the donkey pump D ; F is a 
pressure gauge, showing the pressure on the residuals ; G is 
a thermometer showing the temperature of the residuals 
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before tliey enter the furnace ; H is a spring-loaded escape 
valve, regulating the pressure on the oil. 



To bring the residue to its proper temperature, before 
injecting into the furnaces, the hollow plug cocks J and N 
are opened upwards, and the three-way hollow plug cock 
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K opened to one of the pipes coming from the filters. 
The cock M is opened also, all stop valves on the injectors 
shut, and the donkey pump D or D' started. 

This now draws the fuel from the valve box A, through 
the cock J, heater B, filter or C, and hollow plug cock 
K, and forces the residue through cock N to heater E, and 
from there through the delivery pipe, which is now in 
connection with the suction pipe through the cock M, 
thus circulating the fuel through the heaters and filter. 

As soon as the thermometer G shows the required 
temperature, about 200* Fahr., the cock M is closed, 
and the stop valves on the injectors opened, the heated 
fuel now spraying into the furnaces, where it is ignited by 
a common torch. The small steam-pipes O and O' serve to 
blow steam through the wire gauze inside the filters for 
cleaning purposes, the dirt being discharged through the 
drain cocks P and P'. 

In constructing the heating apparatus B and F great 
care must be taken to make the joints between oil and 
steam spaces in such a manner that no possibility exists 
for the residuals to leak into the latter, which might occur 
in the event of the residuals being under higher pressure 
than the surrounding steam. 

In such case the oil would go with the steam into the 
condenser, and from there into the boilers, which might 
lead to dangerous results. It is better to have as few 
joints as possible between these two spaces. 

With the above method of injection, however, another 
medium has to replace the steam of the steam jet to 
break up the residue into small particles when entering the 
furnace, and for this reason, instead of the common orifice, 
a Korting injector is used, which, on account of the screwed 
needle inserted in this apparatus and of the pressure on the 
residuals, gives the latter a great centrifugal velocity, which 
causes a more perfect breaking up of the residuals as soon 
as tliey leave the injector. The small size of the delivery 
hole of this injector (no more than ^ of an inch in 
diameter), compared with the large capacity of the donkey 
pump, causes the pressure on the residuals. Any other 
kind of injector, however, may be used, provided it gives 
the same results. 
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In arranginff an ordinary furnace of a marine boiler for 
the burning oi liquid fuel, Mr Meyer emphasises the follow- 
ing points :— 

Fvrsb, — With a single Korting injector no more than a 
quantity of oil sufficient for about 80 I.H.P. per hour can 
be injected into the furnace (enlarging this injector would 
infringe upon its good working), and this often renders it 
necessary to place two and sometimes three injectors on 
each furnace to allow the full quantity of fuel, necessary 
for the generation of the steam wanted, to enter the fur- 
naces, and ample room should thus be given on the 
furnace front as well as in the furnace itself to allow 
for these injectors. 

Second, — The air necessary for combustion, about 200 
cubic feet per pound of residuals, has to be well heated 
before coming into contact with the particles of fuel, and 
this contact should be as complete as possible, to allow every 
particle to be well surrounded by the hot air flowing in. 
Care should be taken to let the fresh air from without 
obtain free access to the furnaces, and therefore the stoke- 
hold gratings on deck should be made large and in accord- 
ance with the quantity of air necessary for combustion. 

Third. — To ensure proper contact between the air and 
the fuel, the air flowing in should surroimd the injected 
residuals on all sides in the furnace. 

FovHh. — The jet of oil should spray freely into the furnace 
and bum there without touching any of the boiler parts 
or brickwork, as this would cause the formation of solid 
carbon. 

Fifth. — ^A good quantity of brickwork is necessary in the 
furnace, not only to act as a bridge to prevent the gases 
from escaping unbumt through the funnel, or as a protec- 
tion for the back of the combustion chamber, but also to 
allow the brickwork, after being heated, to work as a heat 
accumulator, which is necessary to keep the furnace at a 
high temperature. 

Siocth. — The opening of the fire-bridge for the outflow of 
gases should be tried very accurately, as an opening too 
small or too large would produce a dense smoke. Experi- 
ence with Borneo oil showed 0*6 square foot of opening per 
burner to be about the required size. 

5 



Taking the above 
points into considera- 
tion, Mr Meyer con- 
structed a furnace 
arrangement as on 
^ annexed drawings 
(figs. 26 and 27), and 
patented it after a 
complete success 
under constant run- 
ning on two sear-going 
steamers during one 
year and a half. 
J These steamers have 
I triple compound 
S engines of 800 and 
I 1360 indicated horse- 
S power. 

§ In this arrange- 
I ment the common 
t; furnace front, dead- 
g plate, fire-bars, and 
■§ iron bridge are re- 
s' moved, and the heat 
\ of the burning fuel 
J" allowed to extend 
I over the full cir- 
u cumference of the 
jj furnace. 

£ In the front end 
A (fig. 26a) of the 
furnace is fitted an 
annular ring B, pro- 
vided with metal 
strips C (fig. 27 a 
ana b) secured edge- 
wise upon and around 
^ its external surface so 
as to traverse it longi- 
tudinally, an interval 
space being left be- 
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tween each strip. These spaces form channels to conduct 
the air, which is heated by the fuel burning inside 
the ring. To delay the incoming air more or less in 
these channels, so as to give it ample opportunity to receive 
the heat, the strips are arranged so as to traverse the 





B. 

Fio. 27. — Meyer's system of furnace arrangement 

perimeter spirally. This ring is made in two or more 
short lengths, so as to facilitate its manufacture, the different 
lengths being kept somewhat apart, thus forming circular 
openings, through which part of the air enters and ignites 
the fuel inside the apparatus. The rest of the air comes 
into contact with the fuel on emerging from the end of 
the channels D (fig. 276). 

The annular spa<5e formed by these channels, by which 
the air enters at the stokehold side, is provided with a 
suitable damper properly guided and rendered adjustable, 
so that the amount of entering air can be nicely regulated. 

In figs. 26 a and 6, and 27a, E indicates the damper. 

Inside the annular part of the arrangement for air inlet 
the conductor ring is closed at the stokehold side by a cover 
G (figs. 266 and 27a), which is made in two pieces, the 
fixed part carrying the injectors, the loose part giving 
opportunity for inside inspection of the furnace. 

The oil pipes leading to the injectors are provided with 
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stop valves near each injector, so that every burner can be 
put out of action without interfering with the others. 

Some interesting experiments were also made with Texas 
oil under a marine boiler at the works of Messrs John 
Brown & Co., Ltd., Sheffield, at the beginning of 1903. 
The conditions of the test, which lasted three days, were as 
under : — 

The boiler was 12 ft. mean diameter by 11 ft. mean 
length, fitted with two Purves furnaces 3 ft. 9 ins. inside 
diameter; heating surface, 1200 square feet, and grate 
surface (for coal burning), 43 square feet. 

The furnace was fitted with the Ellis & Eaves system of 
induced draught, the surface in air-heating tubes being 
800 square feet. 

The quality of the oil used was Texas, closed flash point 
185**. Tests were made in the company's works' laboratory, 
and by Professor Ripper of University College, Sheffield, of 
four samples of oil taken from supply tanks, and the 
calorific value of the oil after water was abstracted was 
returned as equivalent to 19*63 lbs. of water from and at 
212' F. per lb. of oil. The specific gravity varied from 
•938 to -942. 

The difference in left- and right-hand temperatures of air 
entering the fires is due to the fact that the right-hand 
air-heating box and air casings are protected from the 
weather by a wall, and also that the air entering is at a 
higher temperature, due to radiation from the fan discharge. 

The test was started on Wednesday, the 18th February, 
at 11 a.m., the boiler being cleaned before starting, and 
was continued night and day till 9 a.m. on Saturday, 
the 21st February, the installation working without a hitch 
during the whole of that time. Burners were cleaned 
before starting, and worked throughout the test without 
further cleaning. Strainers were not fitted to the oil supply. 
Hot air only was admitted to the furnaces, the greater part 
of this being admitted round about the burners through 
vena-contracta nozzles. 

The summary of the results obtained is given in the 
following table : — 
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1st Day 

2nd Day 

3rd Day 

Total . 




H^ h^ H^ »-• 

1^ Ifk. t^ CO 
O !-• O <D 


Average Steam 
PreMure (Gauge). 


A A A A 

to CO CO to 


Average Steam 
Pressure to Burners. 


CO CO 00 CO 
A "^ ^* 0« 
<D CD O 00 


Average Fan Bevo- 
luUons per Minute. 


feO to to to 

Kk. A i(^ to 
0« «>4 0« CO 

e 


Temperature of 

Heated Air enter* 

ing Fires. Left. 


242° F. 
260 
267 
266 


Temperature of 
Heated Air enter, 
ing Fires. Bight. 


•a 00 -^ A 

lO !-• hi« c< 
00 <M Kk. CO 

o 


Temperature of Oases 
entering Air Heater. 


1^ 0« l»^ !»> 

CO to CO o« 

I-- 09 0« ^» 
o 

m 


Temi>erature of Gases 
leaving Air Heater. 


^ ^ ^ ih- 
•^ 1^ t^ Ilk. 

o 

• 


Temperature of 
Feed Water. 


26,800 
26,660 
25,470 
78,930 


Total Quantity of 

Water evaporated, in 

Gallons. 


11,166 
li;i08 
11,676 
11,276 


Quantity of Water 

evaporated per 

hour, in lbs. 


A to lO to 

CO O i-' »-^ 

00 00 00 »-• 

4k> Ifk. CO A 
00 ^9 to 00 

• • • • 

A A A CO 


Total Quantity of 
Oil used, in lbs. 


882 
909-6 
947-6 
912-1 


Quantity of Oil used 
I>er hour, in lbs. 


12-66 
12-21 
12-21 
12-86 


Lbs. of Water evapo- 
rated per lb. of Oil, 
actual. 


15-44 
14-9 
14-9 
16 09 


Lbs. of Water evapo- 
rated per lb. of Oil 
from and at 212' F. 
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These experiments are to be followed by a further series 
with compressed air as an atomising agent, and also with 
mechanical atomisation. 

In the presence of the chief of the Roumanian Boyal 
Navy and other officials recently experimental trips were 
made on the Danube with a paddle steamer belonging to 
Mendel Brothers. The fuel tanks had a capacity of 25 tons, 
and three oil furnaces were employed. These furnaces 
were lined with basalt bricks, and the burners were of the 
Holden type. The residuals were heated in the tanks to a 
temperature of 105* C, and then mixed with air heated to 
260 C. before being introduced into the furnaces. The 
consumption of fuel amounted to 180 kilos, per hour, 
against 225 kilos, of coal. The price of residuals stood at 
40 francs and coal at 32 francs per ton, which represented 
a saving of about 3 francs per hour. The result of the 
experiments was so satisfactory that it was anticipated 
that practically all the steamers plying on the Danube 
will adopt liquid fuel. 

In other marine directions oil is coming extensively into 
use as fuel. 

Another instance is the new American ferry steamer 
Ramona, which uses crude oil between San Diego and 
Coronado. The vessel is built almost entirely of Oregon pine, 
and is provided with sidewheels and double ends. She has 
a length over all, 130 ft. ; length between perpendiculars, 
118 ft.; breadth of hull, 29 ft.; breadth extremes, 49 ft.; 
depth of main deck, 13 ft. 9 ins. ; draught of water, 6 ft. 3 ins. 

A number of improvements were introduced into the 
system which was first installed on the Shell liner Trocas. 
The system is known as the Flannery-Boyd (fig. 28), in 
conjunction with which Rusden and Eeles' burner is used. 
This burner, which is simple in construction, and which has 
already been described and illustrated, is of the same type 
as those which have been used in Russia for several years. 
The Flannery-Boyd system has been provided to overcome 
the difficulties encountered in converting old steamers for 
liquid fuel burning. The oil is carried in all the ballast 
tanks, ordinary coal bunkers not being suitable, the riveting 
and plating not being oil-tight. These tanks include the 
double bottom, ballast tanks under the engines and boilers. 
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the forward ballast 
tank adjacent to the 
fore peak and the 
fore and aft coffer- 
dams; the fore and 
aft peaks are also 
brought into requisi- 
tion. Bat the ballast 
tanks always contain 
a certain amount of 
water, owing to the 
difficulty of draining 
them. This water 
becomes mixed with 
the liquid fuel, and is 
liable to cause dan- 
gerous explosions at 
the burners, fre- 
quently extinguish- g 
ing the fires. This -s 
difficulty has also « 
been met in the "S 
Flannery ■ BcQ'd W'S- "^ 
tem, and is enectea in §= 
the following manner. S 
Two liquid fuel ao 
settling-tanks of % 
large size are placed ^ 
in the 'tween decks .g 
amidships, immedi- J 
ately adjacent to the ^ 
boiler-room bulkhead. 
These tanks are fitted 



I 



_ S 

with the necessary £ 

heating coils, drain- 
age arrangements, 
thermometers, and 
other fittings to en- 
able the liquid fuel to 
be heated to a suffi- 
cient temperature to 
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allow of the water being freely separated. This latter 
settles at the bottom of the tank, and can then be 
drained off. Each of these tanks is large enough to hold 
half a day's supply of liquid fuel, so that, while the latter is 
being drawn from one tank, the water is being separated 
from the oil in the other. This system can be applied to 
any steamer, as there is usually a certain amount of water 
mixed with the oil fuel. 

It may be mentioned that the Trocaa, fitted with three 
furnaces with two burners each, was changed to a coal- 
burning steamer in 23 minutes, aU the three boilers being 
changed. This alteration was made without the engines 
being stopped, the speed being only slightly reduced. 



CHAPTER VIII. 

OIL FUEL FOE NAVAL FXJEFOSES. 

Considering how vital a matter the supply of fuel to the 
vessels of the Royal Navy is, it is not surprising that so 
little advance has been made in the adoption of oil fuel in 
place of coal. Although nearly forty years have passed 
since the first experiments were conducted on behalf of the 
Admiralty, they are still engaged in preliminary trials for 
proving its efficiency and suitability to warships and other 
vessels of the fleet. Apart from the usual conservatism of 
the British people, oil luel has not oflered those advantages 
which a nation richly endowed with coal could take practical 
accoimt of, for the reason — and a very vital one it is — ^that 
the supply was, geographically, out of reach. This question 
of supply is naturally of far greater consequence to the 
Navy than to the merchant service. A shortage or cutting 
off of supply, if any political crisis should arrive wherein 
we were called upon to defend our shores and our commerce, 
would mean national disaster, if not national ruin ; there- 
fore, the supply of oil fuel must be absolutely assured 
and uninterrupted. Until, therefore, the now famous Texas 
fields were brought in, the question, from the Admiralty's 
point of view, had to remain in abeyance ; but recently the 
adoption of oil fuel in the Navy has come to the front 
again, and the results of the official experiments will no 
doubt be definite and decisive one way or the other. 
Several aspects of the cajse certainly compel the Admiralty 
to look into the subject carefully and exhaustively. One 
of the advantages of oil over coal for warsliips is that a 
larger amount of heating power can be stored into the space 
available for fuel, which means that the radius of action is 

78 
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extended, a feature of considerable importance in the event 
of a prolonged absence from land, as well as from a strategical 
point of view. Speed is also augmented by the use of oil ; 
amokelessness is another qualification, while the space 
required for storage may be utilised for fighting power. If 
these advantages are acquired by our adversaries, and we 
remain in the old rut, then these additional facilities may 
turn the day against us. This matter must be looked at 
from a purely national standpoint, and not from one of 
pounds, shillings, and pence. 

In the experiments carried out by the British Admiralty 
in 1866, the results were not by any means conclusive or 
satisfactory, in so far that they did not lead the Admiralty 
to come to any decision, except that the price of the oil pro- 
hibited the adoption of the new fuel. The average quantity 
of water evaporated during the trials was 13*2 lbs. per 
pound of oil. The conditions of combustion appear to have 
been very imperfect, the tubes showing a very foul con- 
dition at the end of the day's experiments. A mixture of 
oil seems also to have been resorted to, with what idea it is 
somewhat difficult to see. When burnt alone, Burslem oil 
evaporated 18*38 lbs. of water to the pound of oil ; shale oil, 
17-92 lbs. ; and Torbaine Hill mineral oil, 18*38 lbs. The 
price paid for the oils used is given at from £10 to £23 per ton. 

AU the great powers have given serious attention to this 
matter — America, Germany, Russia, Italy — and have, to a 
certain extent, adopted the use of oil fuel in their navies. 

As Sir Fortescue Flannery, M.P., reminded the members 
of the Institution of Naval Architects some time ago, the 
problem that confronts every designer of a warship is the 
combination of the greatest speed, armament and ammuni- 
tion supply, protection, and range of action, in the smallest 
and least expensive hull, and any reduction of weight and 
storage room necessary to any of these qualities is a saving 
which acts and reacts favourably upon the problem in a 
manner familiar to us all. The practical figures of com- 
parison between coal and oil fuel realised in recent practice 
are that two tons' weight of oil are equivalent to three tons* 
weight of coal, and 36 cubic feet of oil are equivalent to 67 
cubic feet of eoal as usually stored in ships' bunkers ; that 
is to say, if the change of fuel be effected on an existing 
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war- vessel or applied to any design, without changing any 
of the data other than those affecting the range of action, 
the latter is increased by 50 per cent, upon the bunker 
weight allotted, and nearly 90 per cent, upon the bunker 
space allotted. 

The coal protection for cruisers, also said the same 
authority, whatever its real advantages — a matter upon 
which different opinions exist — would disappear with the 
use of liquid fuel, because it would be for the most part 
stored below the water-line, if not wholly in the double 
bottom. The double bottom and other spaces, hitherto quite 
useless, except for water storage, would be capable of 
storing liquid fuel, and the space now occupied by coal 
bunkers would be available for other uses. The writer 
then touched on the reduction in staff that would be possible 
on the adoption of liquid fuel, as well as the advantages of 
rebunkering at sea, which would be made easy to a war- 
ship even in mid-ocean in ordinary weather, 300 tons an 
hour being quite a common rate of delivery in the discharge 
of a tank steamer's cargo. 

The evaporative duty required from the boilers of 
destroyers is greater than that required from the boilers 
of any other type ; and whilst it is possible to bum enough 
liquid fuel to produce the required duty in boilers hitherto 
using coal at natural draught, or even coal at moderate 
forced draught, difficulty has been found in burning enough 
oil fuel in boilers of the destroyer type to produce the 
same duty as that realised under coal at great air pressure. 
The question of economy of fuel in destroyers when at full 

Sower is of comparatively little importance, but the pro- 
uction of the maximum power is essential, and further 
experiments now in process will probably solve the diffi- 
culty, as it has been solved in locomotive practice on the 
Great Eastern Railway by the skill and enterprise of 
Mr James Holden (see fig. 29). 

Messrs Yarrow obtained some highly encouraging results 
in two torpedo-boats built by them for the Dutch Govern- 
ment. The air pressure for draught in the fumade was 
1 inch on the water-gauge; the engine stop- valve was 
kept full open. The following were the observed results : 
the boiler pressure was 150 lbs. to the square inch; the 
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pressure in the first receiver was 54 lbs., and in the second 
receiver 5*5 lbs. ; the vacuum was 23 J ins. ; and the revolu- 
tions 340 per minute. The speed was 24J knots. The oil 
fuel was then started, and as much oil was burnt as was 
possible without making smoke. The coal burnt was at 
the same rate as before. The results were then as follows : 
boiler pressure, 180 lbs. per square inch; first receiver 
pressure, 64 lbs., and second receiver pressure, 9 lbs. The 
vacuum was 23J ins. ; and the revolutions 365 per minute. 
The resultant speed was 26J knots. 

Thus, by turning on the oil feed the speed was increased 
by just two knots. Moreover, this increase was obtained 
almost instantaneously, or, at any rate, within a few seconds 
of the oil being turned on. Borneo oil was used, and the 
supply for the two boilers was at the rate of 700 lbs. per 
hour. The coal burnt per hour was at the rate of 2800 
lbs., both when coal alone was used, and when it was burnt 
in combination with oil. The oil tank, fitted, holds a supply 
sufficient for a run of an hour and a half under the above 
conditions of working ; as will be seen, it is placed on deck, 
so that, if it should be pierced by shot and the oil should 
escape, it would simply run into the sea. 

Messrs Thomycroft have recently made experiments, 
and have obtained the high evaporative duty of 18*95 lbs. 
of water per pound of oil fuel. 

The extra rapidity of raising steam with liquid fuel is 
undoubted, and this is a feature upon which much stress 
has been laid in recent naval debates. So far as experience 
has shown, there is no deterioration of liquid fuel, however 
long it is stored before use. 

Among the early apparatus employed in the French navy 
for burning liquid fuel was that of M. Ferrari, of Genoa. 
This system was composed of longitudinal trays contain- 
ing wicks separated by screens so arranged as to distri- 
bute the air ; a tube pierced with holes placed beneath each 
wick distributed the oil throughout its whole length. Two 
series of trials were made at Toulon with this apparatus, 
on the Amalia and on a torpedo-boat. The object in this 
case was only moderate firing, and on a trial in dock the 
consumption was stated to be 212 lbs. of oil per horse- 
power per hour, and at sea 1*79 lbs., compared with the 
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coal consumption of 3*22 lbs. The results of the trials on 
the torpedo-boat were, however, very unsatisfactory. 

The apparatus which has been used in the French navy 
is chiefly the Guyot burner, which was tried on board the 
Baffle and a torpedo-boat. In this burner the steam jet is 
regulated by the movement of the central spindle, which 
also forms the oil supply. Although it is easier, says 
M. Bertin, to regulate the steam in this manner, great care 
is required in o^er that the spindle regulating the steam 
supply should remain perfectly central. It is also im- 
portant that the spindles should not be too long, and that 
they never project beyond the steam jet. 

On the torpedo-boat 11 '56 to 11*58 lbs. of water were 
evaporated per pound of petroleum. 

In early trials in France in 1887, 1*2 lbs. of steam were 
required for each pound of petroleum pulverised. On the 
Baffle, which has already been referred to, the consumption 
was '75 to 1 lb., and on the torpedo-boat No. 22 also 1*2 lbs. 
In the trials made by M. Guyot on his boiler in 1895 the 
consumption is said not to have exceeded '63 lb., and even 
dropped as low as '25 lb., of steam per pound of oil. In 
Italy similar results, varying from '5 to '25 lb., were ob- 
tained, and on a Schichau torpedo-boat the figure of 1*02 lb. 
of steam is said to have been reached. It may be taken for 
granted that on an average not more than half a pound 
of steam is required for vaporising a pound of petroleum. 
But, of course, on sea the fresh water has to be obtained 
by distillation. The use of an air-compressor for supplying 
air in place of steam was, however, unfavourably reported 
on by a commission which inquired into the subject. 

In discussing the question of evaporation, M. Bertin 
states that a pound of Russian mazout develops 20,000 
thermal units, compared with 16,400 thermal units of coal. 
These figures, however, appear to be somewhat high, al- 
though the comparison only makes oil 1*22 times better 
than coal. The experiments of M. D'Allest, carried out in 
1887, showed an evaporation of 11*33 lbs. per pound of oil 
used, and in 1890, in the navy, on the torpedo-boat already 
referred to,ll*36 and even 13*25 lbs. of waterwere evaporated. 
M. Guyot, in his boiler, evaporated 12*5, 12, and 11*3 lbs. 
in a closed stokehold and under an air pressure of '31, *67, 
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and 1*8 in. respectively. Thus it appears to be equally easy 
to evaporate 12 lbs. of water with oil as 9 lbs. with a cor- 
responding amount of coal. 

Col. Nabor Soliani, of the Italian navy, who was one 
of the pioneers of the introduction of liquid fuel, found 
from trials on a torpedo-boat that the superiority of 1*33 
might be considerably increased. The consumption on the 
torpedo-boat with coal amoimted to 2*13 lbs. per indicated 
horse-power, while with liquid fuel it was only 1*25 lbs. 

M. Bertin also deals with an aspect of the subject which 
is not paid sufficient attention to, namely, mixed firing. 
The main advantage of this mixed firing lies, he remarks, 
in being able to obtain at will a large increase in the power 
of the boilers, as the combustion of the petroleum does not 
in any way prejudicially affect that of coal. This mixed 
firing is also worth consideration. It may prove the intro- 
ductory stage to a wider use of liquid fuel, in that the 
supply at the present time is not sufficient to take the place 
of any considerable quantity of coal. 

M. Bertin's experiences and conclusions may be given in 
his own words. In the first place, he says, it must be 
noted that the introduction of jets of petroleum alters the 
condition and efficiency of combustion by more completely 
mixing the gases and burning any excess of air. It is 
therefore not correct to consider the evaporative power 
of coal as identical when passing from ordinary to mixed 
firing. Admitting this as a principle, and supposing the 
quantity of water evaporated by the coal to be constant, 
the extra evaporation due to the better mixing of the gases 
is credited to the petroleum. 

For a given boiler, if 

a be the (^asntity of water evaporated per pound of coal under ordinary 

conditions, and 
b the quantity per pound under mixed firing, 

p the quantity of petroleum burnt while consuming e lbs. of coal, and 
X the quantity of water evaporated per pound of coal under mixed firing — 

then, assuming a to be constant, the steam produced by the 
mixture of fuel, p-J-c, is equal to 

px + ca; 

therefore, for 1 lb. of the mixture we have 

px-¥ca__, 

p + c " ' 
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wliich gives 
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P P 

e 



If we call R the ratio of the evaporative efficiency of 
petroleum to that of coal, we have 



a 



a 

- + 

a p 



There have only been a few evaporative trials made with 
coal alone and with mixed firing on the same boiler, and 
very few results have been published. On the Furieux, 
after a trial with coal alone, when 18*8 lbs. of coal were 
burnt per square foot of grate per hour, two trials were 
made of mixed fuel with different proportions of petroleum, 
when 21*3 and 21*7 lbs. of mixea fuel were burnt. The 
results of these trials, which were carried out under similar 
conditions, are as follows : — 



p 






X 




a 


X 




c 






a 




lbs. 


Iba. 




0-00 , 


9-05 


• • • 


• • ■ 


0-4.5 


9 05 


11-34 


1-25 


0-64 


9-05 


14-12 


1-58 



In the last trial, the efficiency for petroleum when burnt 
in conjunction with coal is higher than when burnt alone. 
This ought to be the case under favourable conditions with 
mixed firing, but it is not always so. On a trial at 
Cherbourg, with mixed firing and Godard boiler, trans- 
formed for mixed combustion, with a high rate of forced 
draught and petroleum jets not properly arranged in the 
furnace, the efficiency 6 was inferior to that of a for coal 
alone. Although actual evaporative trials are scarce, com- 
bined engine and boiler trials, giving the consumption per 
horse-power with mixed firing or with coal alone, are, on the 
other hand, plentiful. These trials may serve as bases of 
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comparison, always assuming that the calorific value of the 
coal remains constant. 

If C be the consumption of coal per indicated horse-power 
when burnt alone, and c and p the consumption of coal and 
petroleum per horse-power when mixed, the quantity of 
petroleum p, which will produce one horse-power per hour, 
will be C — c, and as the calorific efficiency is inversely 
proportional to the amount of coal necessary to do a given 
amount of work, we have 



R= 



C-c 
P 



This formula only holds if the two trials, alone and mixed 
firing, were carried on at not too high a rate of forced 
draught. Generally, a high rate of forced draught is not 
favourable to the use of petroleum, and the ratio oi p to c 
should be decreased as the rate of combustion increases, if 
the efficiency R is to be greater than 1, that is to say, if 
mixed combustion is to show a gain over the combustion of 
coal alone. There must exist for each rate of forcing a 
ratio between p and c which corresponds to the minimum 
value of the total consumption per horse-power, p + c, and 
another ratio corresponding to the maximum horse-power 
that can be developed. The number of complete trials that 
have been made is not sufficient to determine definitely the 
laws relating to mixed firing ; the following table, which is a 
riawmi of the trials made on a locomotive boiler on torpedo- 
boat No. 109, may be consulted with interest : — 





Ist Series. 


2nd Series. 


Srd Series. 


Air pressure- 








ins, of water 


0-6, 0-61, 0-47 


1-0, 1-0, 1-14 


1-97 


Coal alone- 








lbs, per li.p. hour, e . 


2-99, 2-99, 2-99 


802, 8*02, 8 02 


8-37 


Coal- 








lbs, per li.p. hour, c . 


2-19, 2-04, 1-30 


1-69, 1-61, 1-46 


2-72 


Petroleum — 








lbs. per h. p. hour, p , 


0-86, 0-87, 1-10 


0-90, 1-06, 1-46 


0-97 


Totel— 








lbs. per h.p. hoiir, p+c 


3-04, 2-91, 2-40 


2-49, 2-67, 2-92 


3*69 


JX = . . . 

P 


0-94, 109, 1-68 


1-68, 1-83, 1-07 


0-67 
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The above table shows that good results may be hoped for 
at natural draught, or at very moderate rates of forcing, 
when burning slightly less petroleum than coal. Thus, at 
natural draught, when burning 16*4 lbs. of coal per square 
foot of grate per hour, with a combustion of 12*3 lbs. of 
mazout with an efficiency of 1*5, the same would be 
developed as when burning 34'8 lbs. of coal. Under these 
conditions, mixed firing may replace forced draught, over 
which it has many advantages. 

The most recent and probably the most exhaustive naval 
tests which have been made, were those conducted in 1902 
by the United States Navy Board under the direction of 
Rear- Admiral George Melville, engineer-in-chief of the U.S. 
Navy. The conclusions which were arrived at during 
these trials are sufficiently important to find a place in this 
book, and will therefore be quoted at some length, not only 
because they form the only recent record of naval practice, 
but because they bring out certain important points 
connected with the use of liquid fuel on warships. The 
results of the steaming tests will also be given, with 
descriptions of the burners employed. 

The numerous experiments, says Admiral Melville, that 
have been made by several naval powers during the past 
forty years in the attempt to use oil as a fuel, show now 
important this question is regarded by military experts. 
It is now plain why success was not attained. There was 
too much effort exerted to burn oil in the same manner as 
coal. It is now realised that the oil should be atomised (it 
is impossible to completely gasify it) before ignition, and 
that the length of the furnace, the volume of the combustion 
chamber, and the calorimetric area are factors which must 
be considered. In fact, it is highly probable that it may 
be found advisable to design a special boiler for burning oil. 

The more the liquid-fuel question is investigated, the 
more intricate seems the problem of successfully installing 
an oil- fuel appliance on board a battleship. It ought to be 
successfully used on the torpedo-boats, as well as upon 
auxiliary naval vessels that steam between regular ports. 
For the army transport service it might prove very 
desirable, since a supply of oil could be maintained at the 
several calling ports. In regard to the installation on the 
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large-powered battleships and armoured cruisers, there are 
three distinct features which must be considered, viz. the 
mechanical, commercial, and the structural. Regarded from 
two of these view-points, it seems as if it would be some 
time before " coaling ship " ceases to be an evolution upon 
the war vessel. While both the naval and mercantile 
vessels traverse the ocean, there is a wide difference in 
their construction as well as in the nature of the duty 
performed, and this must be taken into account in designing 
the motive plant. 

The experiments conducted by the Liquid Fuel Board 
have shown that it is now possible to force the combustion 
of oil, and that the greatest evaporation per square foot of 
heating surface secured with coal can be greatly exceeded 
by an oil-fuel installation of modem design, where provision 
has been made for atomising the combustible and heating 
the air and oil. 

It may be affirmed that the efficiency of the burner is 
simply proportionate to its power to atomise the oil and 
then to turn these minute particles of oil into a mixture of 
combustible gas and fine particles of carbon, so that com- 
plete combustion, as well as ability to force the consump- 
tion of the oil, can be secured. There are many burners 
which can atomise the oil quite satisfactorily, and, as 
constant and progressive improvement is being made in 
this direction, the engineering and mechanical problem is 
nearing solution. The heating of the oil, as well as the 
heating of the air required for combustion, must be pro- 
vided for, and extended experiments should be made to 
determine the simplest and the cheapest methods of attain- 
ing these objects. 

The commercial feature relates to the question of cost 
and supply. It may be regarded as a certainty that, 
except where unusual conditions prevail, the cost of oil for 
marine purposes will generaJly be greater than that of coal. 
The cost is even now less for vessels departing from the 
Gulf and California seaports, but the rule will hold else- 
where. While the question of cost should be of secondary 
importance in military matters, it must be taken into 
consideration in industrial matters. It is the expense of 
transportation that now prevents the oil from being a cheap 
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combustible for marine purposes, but this disadvantage 
ought to be soon removed. While it may be put on the 
tank steamer very cheaply at ports like Point Sabine, its 
commercial value will be determined by the cost of delivery 
at commercial and maritime centres. This feature of the 
problem is beyond the ability of the Navy to control, but it 
must be regarded as an important phase of the subject. 

It is undoubtedly a fact that the transportation charges 
per mile for oil at the present time are excessive compared 
with the freightage for coal, and this incongruity of expense 
account against oil cannot continue much longer. 

As regards the question of supply, it may be more ex- 
pensive if not difficult to transport and to store oil than 
coal. The fumes of all petroleum compounds have great 
searching qualities, and therefore extreme precaution will 
have to be taken to guard the storage tanks. If it be 
true that for military purposes it is best in time of war to 
keep all reserve fuel afloat, then liquid fuel is at a disad- 
vantage in this respect. The mining and railroad companies 
have invested so heavily in the coal industry, and the 
transportation facilities have been so perfected, that it is 
now possible to quickly deliver a cargo of coal at any point 
in the world. There has been, likewise, a development in 
the method of loading and unloading cargoes of coal. Since 
it will require progressive development to perfect the 
transportation and the storage of oil, and as the world's 
supply is still an unknown quantity, it will be some time 
before there may be a reserve supply of oil at the principal 
seaports. 

It must also be remembered. Admiral Melville says, when 
considering the problem of supply, that the naval vessel must 
be kept in readiness for orders to proceed at any time to any 
port within her steaming radius. The merchant vessel steams 
between regular seaports, where it would not be difficult to 
induce merchants to keep a supply of oil as soon as there 
is a regular and constant demand for it. The question of 
supply for battleships and cruisers may therefore not only 
be a commercial affair, but prove to be a military problem, 
since the oil requirements of naval vessels for service con- 
ditions might only be met by the Government establishing 
oil-fuel stations. The military aspect of the question may 
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prove to be a serious problem, since it not only necessitates 
heavy expenditures, but it may involve the greater question 
as to the wisdom of maintaining a complete chain of f ueJ 
stations between country and colony. 

The structural feature of the battleship, he proceeds, 
may prove a serious detriment to the installation of an 
oil-fuel appliance. The problem of storing oil on board 
warships which possess protective decks is much more 
complex than the problem of its storage in vessels of the 
merchant marine. Everything on toard the battleship 
is subordinated to making the vessel a gun platform. 
There are many more compartments in the war vessel than 
in the merchant ship. 

In all probability the great bulk of the oil in the war- 
ship would have to be kept in the double bottoms. As the 
petroleum vapours are quite heavy, it may be a difficult 
matter to free these compartments of explosive gases, 
especially when the compartments are partly empty. By 
reason of the great number of electrical appliances in use 
on board the warship, thousands of sparks are likely to be 
caused, any one of which might cause an explosion and set 
the oil fuel on fire. Our limited experience with submarine 
boats may give us an object lesson as to the liability of 
hydrocarbon gases to explode. 

In view of the results already secured by the Liquid Fuel 
Board, he has no hesitation in recommending that an in- 
stallation should be effected without delay on at least a 
third of the torpedo-boats and destroyers. 

Then comes the report drawn up by Lieut. W. Winchell 
on the voyage of S.S. Mariposa, of the Oceanic Steamship 
Company, using oil fuel on the round trip between San 
Francisco and Tahiti. 

The Mariposa is a single-screw iron steamer, built at 
the yard of William Cramp & Sons, Philadelphia, Pa., in 
1883. She has just had new engines and boilers installed 
by the Risdon Iron Works, San Francisco, Cal. The 
oil -burning plant has just been installed l3y the same 
company. 

This vessel has been employed in the Pacific trade, and is 
now running to Tahiti from San Francisco, making the 
round trip voyage of 7320 knots each month. 
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Desoriftion of the "Mabifosa." 

Grofistonnaga 8160 

LeDgth between perpendiculai-s feet 314 

Beam ,, 41 

Mean draught , 22 

Depth of hold ,, 17 A 

There is a single bottom with four watertight athwart- 
ship bulkheads, and two masts, square rigged on the 
foremast. 

The total crew was formerly 81, but since the change 
from coal to oil burning 16 men have been taken out of the 
engineer's force, reducing the crew to 65 men, and making 
the engineer's force for oil burning 20 men, as follows: 
1 chief engineer, 3 assistant engineers, 3 oilers, 1 electrician, 
1 attendant for ice machine, 1 attendant for air compressor, 
3 water tenders, 6 firemen, 1 storekeeper — ^total, 20. 

There is one triple-expansion engine of the inverted 
direct-acting type, with cylinders 29 ins., 47 ins., and 
78 ins., by 51-in. stroke, designed for 2500 indicated horse- 
power, fitted with piston valves on the high-pressure and 
intermediate pressure, and slide valve on the low-pressure 
cylinders, all driven by link motion. The condenser is part 
of the back framing. The cylinders are not jacketed. 

There are three cylindrical tank boilers placed fore and 
aft in the line of the ship — ^two are double-ended, 15 ft. 3 ins. 
diameter by 17 ft. 3 ins. long, and one single-ended, 14 ft. 
diameter by 9 ft. 9 ins. long, the latter placed amidships 
forward of and worked from the forward fire-room. Each 
double-ended boiler has six corrugated furnaces ; the double- 
ended boilers have a common combustion chamber for 
opposite furnaces, while the single-ended one has a common 
combustion chamber for its three furnaces. The combus- 
tion chambers of the double-ended boilers have a brick 
bridge wall, and the back sheet of the single-ended one is 
covered with fire-brick. The decision to use oil in place of 
coal was not made until the changes in engines and boilers 
were well under way, and it was decided to put the ship 
on the route to Tahiti. The steam pressure is 180 lbs. 
There is one auxiliary boiler, two-furnace return-tube type, 
in upper fire-room hatch, and fitted to bum coal only. 
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The oil-tanks were constructed out of the old coal-bmiker 
space forward of the boilers, and as the steamer is intended 
to cany oil for the round trip of about 7320 miles, some 
additional space had to be taken from the fore hold. 

The total capacity of the tanks was 6338 barrels of oil, 
or about 905*43 tons. The oil is heated by a steam coil 
to not more than 150° F., and thence led by a pipe to the 
burners. The air from the compressors, imder a pressure 
limited to 40 lbs., discharges into the top of the heater 
tank on its way to the burners, so that the oil and the air 
go to the burners under the same pressure. 

The air compressor was placed in a pocket off the upper 
engine-room platform, and consists of duplicate steam and 
air cylinders connected to a crank shaft carrying a fly- 
wheel turning between the cylinders. Either set is large 
enough to supply all the air necessary. The air compressor 
is horizontal, double-acting, duplex. Air cylinders 22 ins., 
steam cylinders 12 ins., diameter, by 18-in. stroke for all 
cylinders. Capacity equals 1000 cubic feet of free air per 
minute compressed up to 30 lbs. at 120 revolutions per 
minute. Air is used at the heat of compression, or as 
heated by the air heater. 

The atomiser was the joint invention of Messrs Grundell 
and Tucker, San Francisco. 

A part of each furnace front is a hollow iron casting 
through which the air passes on its way to the atomisers 
and becomes heated. The chamber surrounding the burner 
is lined with a crucible lead lining ; a by-pass to the burners 
is provided for use in case of accident to the heater. The 
lower part of the furnace front is a door on hinges that can 
be fastened open at any desired degree to give air for com- 
bustion. There are also two louvres in the door for the 
same purpose. Near the front of the furnace, inside the 
door, is placed a brick wall made to deflect upwards the 
inward current of air to meet the rose-shaped flame from the 
burners. There is ample space over the brick wall for a 
man to enter the furnace through the ash-pit door. The 
double furnace combustion chambers have a brick bridge 
wall reaching above the top of the furnaces, and in the 
single-ended boiler the common combustion chamber has 
the back sheet covered with fire-brick to protect it. 
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Before the actual voyage was commenced, a couple of 
trial trips were made, and the results of these are given. 
The oil used on both runs was from the Kern River district, 
near Bakersfield, Cal. 

The following data were observed : — 



Steam pressure .... 
Revolutions of eDgine 
Revolutions of air compressor . 
Pressure of air . 

Temperature of oil entering heater 
Temperature of oil leaving heater 
Temperature at base of stack 



lbs. 160-170 



. 74-77 

60 

. lbs. 20 

degrees F. 80 

,, 120-130 

750 



The chemist at the New York yard submitted the 
following report upon the sample of the Kern River district 
oil sent him for analysis : — 

" The sample is practically free from low boiling naphtha, 
as on distillation only a small percentage passed over below 
150° C, and less than 10 per cent, below 225** C. A boiling 
point above 360° C. was reached before the second 10 per 
cent, was collected. 

" It shows on ultimate analysis the following composi- 
tion : — 

Per Cent. 

Carbon 84*43 

Hydrogen 10*99 

Nitrogen ..." *65 

Sulphur -69 

Oxygen 3*34 

"This gives a calorific value, by Dulong's formula, of 
18,806 B.T.U. The specific gravity at 60' F. is 0*962, 
Flash point, 228° F. Fire point, 258° F. Vaporisation 
point, 178° F. Loss for six hours at 212° F., 1201 per 
cent." 

The Mariposa left San Francisco on July 15, 1902. On 
arrival at Tahiti the most careful inspection was made of 
the boilers, but no bad effiect of the flame was found to 
have occurred. No leaks or defects developed anywhere, 
and there was no difficulty in feeding them. 

At Tahiti the tubes were swept by tube scrapers, and back 
connections, uptakes, ash-pans, and furnaces were cleaned. 
All the refuse from these various places barely filled two 
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ash buckets. This refuse, mainly soot, was the result not 
only of the twelve days' run to Tahiti, but also of the three 
preliminary trials by the contractors. The first one, a four- 
hour trial of engines and boilers, was made with Comax 
coal, and the other two were free runs at sea, of about eight 
hours' duration each, burning oil. The tubes had never 
been cleaned previous to arrival at Tahiti. It is the inten- 
tion hereafter to make the round trip of twenty-four days' 
steaming without sweeping tubes. 

There are no precautions other than those usually taken 
on board ship to guard against fire or explosion. All spaces 
to which oil has access are well ventilated by both inlet 
and outlet ducts. The oil is a thick, dark fluid, like 
molasses, and in the open air bums slowly, giving off much 
smoke ; but it gives off volatile gases which form explosive 
mixtures with air, tanks empty or nearly so being more 
dangerous than full ones in this respect. The ship is 
electrically lighted, but in addition an open hand lamp is 
burning in the firelroom all-the time to light the burners; 
the firemen smoke on watch, and the oil is treated no 
more tenderly than if it were coal. On the run back, 
the cargo of copra was stored all about the expansion 
trunk, which projects up 4J feet between decks, completely 
covering the tanks and making them inaccessible for 
examination. 

Of the 6 firemen, 3 were relieved from watch the second 
day out, leaving but 1 man on a watch to fire 12 furnaces 
in two different fire-rooms separated by the length of the 
double-ended boilers. The water tender did not touch the 
burners except in emergency, his duty being to tend 
water, fill settling tanks and record height of oil in them, 
record temperatures of oil at settling tank and in heater of 
fire-room, and of superheated air, take reading of lower 
pyrometer where the two uptakes meet, and run oil pump 
supplying oil to the settling tanks and small oil pump 
supplying oil to the oil heater. 

As a coal-burner the Mariposa formerly had the follow- 
ing engineer force : 1 chief engineer, 3 assistant engineers, 
3 oilers, 12 firemen, 12 coal passers, 3 water tenders, 1 
messenger, 1 storekeeper — ^total, 36. 

A reduction of 16 men in the fire-room force is effected 
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by oil-burning. At sea she needs now but 3 firemen, but 
carried 6. This would reduce the force by 19 men. 

The temperatures of the fire-rooms seem to be about what 
one would expect in coal-burning, but the temperature of the 
uptake and smoke-pipe ^ases runs high, the maximum being 
925°, which shows an undue loss of heat here. The tempera- 
ture of the oil in the settling tanks ranged between 68' and 
100"* F. on the trip out, and between 90' and 108' F. on the 
trip back. 

The oil auxiliaries comprise 1 large oil pump, 2 small oil 
pumps, 2 oil heaters, 1 air compressor, and 4 strainers. 

There is a steam-pipe connection to blow out the oil 
strainers, and another one to blow out the oil burners when 
clogged. 

On August 3 the air compressor needed overhauling, and 
steam atomising was kept up for two and one-half hours 
until the compressor was again working. During this 
time the evaporator supplied enough feed water to use 
20 burners; the engines were not stopped while shifting 
from steam to air atomising, and averaged 67*8 turns for 
the two and one-half hours. They had before been making 
70 turns. Also during the four days in port at Tahiti the 
forward main single-end 3-f umace boiler was used, atomis- 
ing with steam. Generally 2 burners in the middle furnace 
gave ample steam to run the following auxiliaries, all 
exhausting into the atmosphere, the boiler being fed with 
fresh water from the dock : Ice machine, dynamo, flushing 
pump, feed injector, 2 cargo winches, small portable steam 
pump, and steam for cooking, bath-tubs, etc. 

At first 2 firemen and a water tender were on watch at 
a time, each fireman having 1 fire-room of 6 furnaces or 
12 burners. The men had but little experience, combus- 
tion was poor, much smoke was made, much oil burned, 
and poor speed attained. To locate the responsibility for 
bad adjustment of burner valves, but 1 fireman was put on 
at a time to attend 12 furnaces (24 burners). This made 
an improvement in the combustion. 

Unfortunately, the top of the fimnel could not be seen 
from either fire-room, though the fireman could tell by the 
appearance of the flame as shown in the sight-hole, or even 
by the roar of the burner, when the combustion was perfect. 
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In designing a boiler-room for liquid fuel the ventilators 
should be so arranged that a view of the top of the smoke 
pipe can be had from each fire-room. 

The work of the fireman would be even easier than it 
is and better results attained if the oil and air pressures 
were kept eoijstant, and also the temperature of the oil. 
The apparatus then, once properly adjusted, would need 
very little change. To get these results is a mere 
matter of detail easily arranged. If the temperature of 
the oil rises it feeds more freely, and a readjustment is 
necessary, and the same conditions hold with regard to the 
pressure. 

It will be seen (fig. 30) that in addition to the inde- 
pendent oil and air supply valves the burners are fitted 
with an air plug cock and an oil plug cock connected to one 
lever, which controls both air and oil supply, enabling the 
operator to shut them both off at once in emergency. At 
first when steam went up too high and a burner was shut 
down this lever was used ; but shutting off* the air thus 
gave the air compressor less work, and as its governor is 
not sensitive, the air pressure increased, making a readjust- 
ment of all oil and air supply valves necessary, with 
consequent smoke. Later on, when it was desirable to shut 
down a burner, the oil alone was shut off by the independ- 
ent feed valve on the burner, and the untouched air valve 
kept the air compressor's work more nearly constant ; then 
when the burner was again required, the oil valve was 
opened and immediately lighted from the flame of the 
adjacent burner. 

In starting fires with everything cold, steam is raised on 
the auxiliary boiler, which burns coal, and the air com- 
pressor, oil pumps, and oil heater are started. The oil is 
lighted by inserting oil-soaked rags in the air space 
surrounding the burner and touching a lamp to them, or 
an arrangement like a gas-liffhter may be used. 

Sometimes when the air prf ssure is too high, or insuffi- 
cient oil is feeding, the fiame flickers and may so out. If 
the oil is kept feecfing under these conditions, on reUghting 
there is a small explosion of the gases in the furnace, with 
a momentary back-draught through the peep-holes and 
ash-pans. 



When shut down on July 19, for two and one-half hours, 
for plugging condenser tubes, one burner at each end of 
each boiler (4 burners in all) furnished steam to run all 
auxiliaries, including feed pump, bilge pump, air com- 
pressor, ice machine, dynamo, and flushing pump, all of 
which were exhausting into the atmosphere. 

In the Grundell-Tu^er burner (fig. 30) the oil, heated 
by a steam coil under boiler pressure throttled down, passes 
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through the inside pipe and is thrown out radially through 
the series of small holes. The air, first heated by com- 
pression up to 20 lbs., is further heated to a tempera- 
ture of about 350° F. in the air chamber surrounding the 
burner, and called the air superheater. Air can be used at 
the temperature at which it leaves the compressor, and was 
so used on the trip down tmtil July 17, when the super- 
heaters were connected up. This air, under the pressure of 
about 20 lbs., surrounds the oil pipe in the burner and 
passes axially along the pipe until near the end, where it is 
given a whirhng motion through small helical passages 
arranged like the rifiing of a gun. It crosses axially, and 
whirhng through the fine oil streams spurting radially 
from the end of the burner, breaking up the oil into fine 
spray, the drops of which can be seen before they ignite. 
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A further air supply (cold) is admitted through the hinged 
door of the ash-pan, and is directed up across the path of 
the flame and heated also by a CTirved fire-brick wall built 
in the ash-pan close to the front. 

The principal difficulties encountered were in the regula- 
tion of the supply of oil to the heaters by the pump, and 
the consequent variation of the temperature of the heated 
oil, and the freedom of flow through the burners. An 
automatic submerged float, arranged like a steam trap and 
fitted in the oil heater to control the throttle of the pump, 
failed to give good automatic results, and the supply of oil 
was regulated by hand. If the oil is heated too much 
(above 160' F.), some of the volatile gases are given off and 
mingle with the air pressing on top of the oil in the heater, 
thence passing with the air into the air superheaters and 
burners, the result being that on one occasion a heater got 
red-hot from this cause. 

Another difficulty was due to the choking of the strainers 
by foreign matter and impurities in the oil, shutting off the 
supply of oil, and on one occasion, August 10, putting out 
all the fires. Just previous to the fires going out, and 
while the usual air supply was on, and an insufficient 
amount of oil being fed, a dense white smoke like steam 
arose from the funnel. 

This strainer difficulty will be solved by fitting the 
strainers in pairs, so that a clean one can always be 
switched in while the choked one is being cleaned. 

Full power was not developed in the two boilers used, as 
schedule time was easily exceeded with from two to foiu: 
burners shut off, though it would not appear, from the 
tabulated results, that the indicated horse-power would 
equal what can be got by a good system of .'forced draught. 
This burner, however, works well with the Howden system 
of forced draught, as seen on the tank steamer George 
Loomis, 

It must be remembered that the tabulated calculations 
are all based on the indicated horse-power of the main 
engines only, as it was considered better to use only data 
actually obtained, and afterwards estimated data, such as 
indicated horse-power of auxiliaries, could be applied with- 
out vitiating the observed data and results. No cards 
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could be taken from any of the auxiliaries, but careful 
estimates give the following results: — 

I.H.P. 
Air compressor, at 60 revolutions per minate . . . .110 
Auxiliary feed pump and two oil pumps, one in intermittent 

use 80 

Dynamos 30 

Ice machine 7 . 

Circulating pump 5 

Flushing pump 2 

Baths, steam tables, evaporator, cooking, etc. . . .11 

Total .... 196 

The weight of the oil auxiliaries was as follows: — Air 
compressor, 9 tons; two settling tanks, 12 tons; two oil 
heaters, 2 tons ; two small oil pumps, i ton ; one large oil 
pump, 1^ tons; fifteen superheaters (air), 31 tons; pipes, 
valves, etc., 8 tons. 

It should be remembered that the boilers were originally 
designed for coal-burning, and that the oil-burning plant 
was fitted in a hurry. With the air pressure constant, and 
with oil heated at constant temperature, about 140* F., with 
oil strainers arranged in pairs, so that one is always efficient, 
and with experience in firing, the result in economy of oil 
should have been much better than it was. 

The tables given below show the statistical details of the 
return voyage, when the crew was better acquainted with 
the new method, and improvements had been made in the 
oil-fuel apparatus : — 
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average temperature of cold oil, 90*. 
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The Liquid Fuel Navy Board subsequently made a report 
on the fourteen official experiments which had been con- 
ducted under its direction. This report contains some 
valuable comments, conclusions, and suggestions which will 
be of interest to all engaged in the use of oil fuel in either 
of the marine services. The Liquid Fuel Board collected all 
available data on the subject. An examination proved that 
a great deal of this was unreliable, and therefore had to be 
discarded. As this report points out, the naval problem is 
a complicated one, and an extended series of experiments 
alone should decide the matter for so important a work. 

It will, says the Board, tax the ability of the naval con- 
structor to solve the construction problem involved in 
installing oil-fuel appliances on board the battleship, since 
it will not be possible to find such satisfactory storage 
compartments in the fightmg ship as in the freighter. 

It is the engineering or mechanical feature of the problem 
that the Board is concentrating its energies upon. Therefore 
the Board proposes to try to solve some of the following 
problems in connection with the subject :— 

1. The relative advantages of air and steam as an 
atomising agent for Uquid fuel. The question of supply of 
fresh water is very important in the Navy, and therefore 
the use of steam should be obviated, if possible. On the 
other hand, the air compressors are heavy and take up 
considerable room. As air compressors, however, are used 
for many purposes on board ship, it might be possible to 
have a central plant for all purposes. It is also important 
to know to what extent it will be necessary to superheat 
the steam in case it is used as the atomising agent. 

2. There is a wide divergence of opinion as to the pressures 
at which oil, steam, and air should be delivered to the burners. 
Progressive tests may afford valuable information upon 
this point. 

3. The design of the steam generator. As the experimental 
boiler now in use by the Liquid Fuel Board (fig. 31) is of 
the water-tube type, it will be possible to extend the length 
of the furnace and make other changes which will give 
important information as to whether or not it would be 
advisable to design a special form of marine boiler for 
oil-fuel installation. 
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4. The simplest and most economical means of heating 
the air and the oil. In view of the result of the present 
experiments and of the information obtained from outside 
sources, there is no doubt that the air should be heated ; 
and it would seem that, particularly in a water-tube boiler, 
such heating could be effected in a simple and cheap manner 
by utilising the heat radiated to the ash-pit. 

5. The value or necessity of an air receiver when com- 
pressed air is used as the atomising medium. Can the 
pulsations of the compressor be reduced or minimised by 
installing such an intermediate receiver between the com- 
pressor and the burner ? 

6. Experiments could be made concerning the baffling of 
the gases, for the tests already conducted show that the 
calorimeter area can be somewhat reduced when using oil. 

7. The relative value of leading types of burners. 
Particularly is it necessary to know whether a simple burner 
should be installed and provision made for heating the air, 
or whether an appliance should be installed which partly 
gasifies the oil before ignition. There are on file in this 
Bureau over 2000 drawings and specifications pertaining 
to the use of liquid fuel, and it is said that new patents are 
being issued at the rate of about 30 a week. In view of 
such widespread interest in the subject, the Board deems 
it important to test representative types of the various 
classes of burners. 

8. The problem as to whether the oil could be consumed 
under all conditions without producing smoke. In the 
naval service this is an important question. As there is 
also a tendency to compel manufacturers to take means to 
prevent smoke issuing from the stacks of their plants, the 
question also concerns the general public. 

The burner shown in fig. 32 is an air burner of the Oil 
City Boiler Works, and was used during the seven general 
tests that were conducted to show, among other things, 
whether or not it would be possible to secure a greater 
evaporative efficiency from the boiler with oil than was 
secured with coal. Six of these burners, spaced 18 inches 
apart, were ranged across the front of the furnace, there 
being a separate opening in the furnace wall for each burner. 
Considering the burners as arranged in pairs, those of each 
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pair were inclined toward ea«h other at an angle such that 



Fio. 32.— Oil Oity Boiler Works' burner. 

their flame impinged near the transverse centre line of the 
furnace. 

The oil used was Beaumont oil, and was of the following 
analysis : — 

Analtsib of Brauhont Crudb Oil. 

Cftrbon{C) Si-SO 

Hjdrogen(H) 10'90 

Sulphur (S) 1-B3 

Oiygen (0) 2-87 

The amount of sulphur in different samples of the crude 
Beaumont oil varies from 2 to 3 per cent. 



Oalorifio value per lb. of combustible . . B.T.U. 19,060 

Spetific gr»»'' "'.«. 

Flasli point . 
Fire point . 



^leciGc gravity 0-924 

Flasli point degreoB F. 



On distillation at atmospheric pressure to 524° F. it was 
found that the — 

Degreea?, 

First 10 per cent. pasaeJ over below 128 

Second 10 p«T cent, pueed over between . . . 428 and 186 
Third 10 per cent, passed oyer between . .485 and fi24 

Fourth 10 per cent, pawed over between . . 624 and G64 

Akaltsib of 0[l dsed bt Liqdid Fuel Boakd, ab SBTBitHiHaD 

BT THK CHRMIST OF TBB NaTY VaBD, NeW YORK. 

On distillation at atmospheric pressure to 680° F. it was 
found that with the oil used during the teste — 
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DsgnesF. 
Fint 10 per cant. paia«d over between .... 216 and tS2 
SacoDd 10 per cent, passed over between . . . 48! tuid 523 
Third 10 ppr cent, passed over betwaeo . . . &23 and S5a 
Fourth 10 per cent, jxiased over between . . . o62 nod 680 

This oil showed on analysis to be composed of the 
following constituenta : — 

Carbon <C) 83-26 

Hydrogen (H) 1241 

Sulphur (8) -50 

Ojypen (O) 3-83 

The sulphur was determined by oxidation with fuming 
nitric acid in an open capsule. 

Specifio RTft'rity at 80° F 0'928 

Flash point degrees F. 216 

Firepnint ,, 240 

Vaporisation paint ,, 142 

Loss Tor six hours at 212° F. .... per cent 21'6!i 

The calorific value of the combustible, calculated on the 
analysis of the United States Chemist by Dulong's formula, 
was: — 

Britiah thermal unit3-I4,600 C. + e2,100(H -0/8)-18,481. 

These analyses show that nearly all the sulphur was 
removed from the crude petroleum. 

Another burner used by the Board was the Hayes. Tlie 



"■^r 



FiQ. S3.— The Hayes burner. 

construction of this burner is shown in fig. 33, and 
the manner of its installation in fig. 34. Part of the 



OIL FUEL FOB NAVAL PURPOSES. 101 

^ ^ J is introduced at the sides of the fmnace near the 
back wall. It then passes through heating pipes A A to 



Fio. 31. — Hayes bnmers And furnaoa arrangement. 

the pipe B, the latter extending across the furnace just 
inside the front wall. 

The burners project diametrically through the pipe B, 
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and it is contended that the hot air in this pipe will cause the 
oil to be completely gasified before it escapes from the burner 
orifices. There is no doubt that the heating of the air is 
a direct benefit. Careful and extended experiments will 
have to be made to show whether this heating could best 
be effected as in the Howden system of forced draught, or 
by a simple arrangement of pipes which receive the direct 
heat of the furnace. The experience of simply heating 
the pipes during these tests would rather tend to show 
that this arrangement would not have much endurance. 
The edges of the holes in the pipe B were found somewhat 
burned upon completion of the official test. If such impair- 
ment could occur after the pipe had been in actual service 
about twenty hours, it is probable that very little endurance 
can be expected of such an installation under forced draught 
conditions. 

On the point of the requisite amount of steam for 
atomising the oil, the Board made s(5me special experi- 
ments. The boiler used was of the cylindrical return-tube 
type, with two plain cylindrical furnaces. This boiler is 
piped to furnish steam for the oil burners, and has no 
other steam pipe leading from it. 

The opening from the safety valve was blanked. This 
boiler is fitted with two oil burners of Oil City Boiler 
Works' design in each furnace, these burners using air for 
atomising purposes. After steam was raised one burner in 
one furnace was found sufficient to keep the steam pressure 
uniform. 

The boiler was put in thorough order at the Navy Yard, 
New York, and carefully made tight at 100 lbs. pressure. 
During the oil-burning test great care was taken to keep 
both the water level and the steam pressures in this boiler 
uniform. The water used was carefully weighed in a 
separate weighing apparatus. 

The pressure for atomising purposes, as well as the pressure 
at which the oil was forced to the burner, was increased 
each day. It was found that the higher the pressure the 
greater the amount of water that was evaporated. The 
efficiency was also slightly greater as higher pressures were 
used. The percentage of steam required for atomising the 
oil, however, also slightly increased as the pressure rose. 
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During these tests deflectors were placed in the ash- 
pan openings, so as to cause the air to be drawn up near 
the burners, thus effecting combustion near the front 
of the furnace. The average percentage required for 
atomising purposes was about 4J per cent, of the entire 
evaporation. 

The F. M. Reed combined air and steam burner was also 
experimented with, but the results were not satisfactory. 
The amount of steam consumed in spraying the oil was 
excessive, being about 1 lb. of steam per pound of oil. The 
conclusion arrived at was that the combined use of air and 
steam in burners is undesirable. 

There is, continues the report, quite a widespread mis- 
conception regarding the pai-t that the steam used for 
atomising purposes plays in effecting combustion. It is 
supposed by many that after atomising the oil the steam is 
decomposed, and that the hydrogen and carbon are again 
united, thus producing heat and adding to the heat value 
of the fuel. While it may be true that the presence of 
steam may change the character and sequence of the 
chemical reaction, and result in the production of a higher 
temperature at some part of the flame, such an advantage 
will be offset by lower temperatures elsewhere between the 
grate and the base of the stack. All steam that enters the 
furnace will, if combustion is complete, pass up the stack aa 
steam, also carrying with it a certain quantity of waste heat. 
The amount of this waste heat will depend upon the amount 
of steam and its temperature at entrance of the furnace. The 
quantity of available heat, measured in thermal units, is 
undoubtedly diminished by, the introduction of steam. In 
an efficient boiler, it is quantity of heat rather than intensity 
that is wanted. For many manufacturing purposes 
intensity of heat may be of primary importance, but in a 
marine steam generator a local intense heat is objectionable 
on other grounds than those of economy, viz., its liability 
to cause leaky tubes and seams from the unequal expansion 
of heating surfaces. 

It is believed that expert engineers will be able to make 
important deductions from the trustworthy data that have 
been so carefully collected. The tables should be carefully 
studied in connection with the information secured during 
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the coal tests, and the Board enjoins that the two reports 
be studied together. 

The following facts have undoubtedly been proved : — 
(a) That oil can be burned in a very uniform manner. 
(6) That the evaporative efficiency of nearly every kind 
of oil per pound of combustible is probably the same. 
While the crude oil may be rich in hydrocarbons, it also 
contains sulphur, so that, after refining, the distilled oil has 
probably the same calorific value as the crude product. 

(c) That a marine steam generator can be forced to even 
as high a degree with oil as with coal. 

(d) That up to the present time no ill effects have been 
shown upon the boiler. 

(e) That the firemen are disposed to favour oil, and 
therefore no impediment will be met in this respect. 

(/) That the air requisite for combustion should be heated 
if possible before entering the furnace. Such action un- 
doubtedly assists the gasification of the oil product. 

(g) That the oil should be heated, so that it could be 
atomised more readily. 

(h) That when using steam, higher pressures are un- 
doubtedly more advantageous than lower pressures for 
atomising the oil. 

(i) That under heavy forced-draught conditions, and 
particularly when steam is used, the Board has not yet 
found it possible to prevent smoke from issuing from the 
stack, although all connected with the tests made special 
efforts to secure complete combustion. Particularly for 
naval purposes is it desirable that the smoke nuisance be 
eradicated, in order that the presence of a warship might 
not be detected from this cause. As there has been a 
tendency of late years to force the boilers of industrial 
plants, the inability to prevent the smoke nuisance under 
forced-draught conditions may have an important influence 
upon the increased use of liquid fuel. 

(j) That the consumption of liquid fuel cannot probably 
be forced to as great an extent with steam as the atomising 
agent as when compressed air is used for this purpose. 
This is probably due to the fact that the air used for 
atomising purposes, after entering the furnace, supplies 
oxygen for the combustible, while in the case of steam the 
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rarefied vapour simply displaces air that is needed to 
complete combustion. 

{k) That the efficiency of oil-fuel plants will be greatly 
dependent upon the general character of the installation of 
auxiliaries and fittings, and therefore the work should only 
be entrusted to those who have given careful study to the 
matter, and who have had extended experience in burning 
the crude product. The form of the burner will play a 
very small part in increasing the use of crude petroleum. 
The method and character oi the installation will count for 
much ; but where burners are simple in design and are 
constructed in accordance with scientific principles, there 
will be very little difference in their efficiency. Consumers 
should principally see that they do not purchase appliances 
that have been untried, and have been designed by persons 
who have had but limited experience in operating oil 
devices. 

The results of the tests in the foregoing series of experi- 
ments are given in tabular form in the Appendix, and 
should be studied carefully. 



CHAPTER IX. 

OIL FUEL ON LOCOMOTIVES. 

The use of oil fuel on locomotives has made greater 
progress, so far as the practical and economic results go, 
than in marine work, although in the merchant service, as 
has been indicated, liquid-fuel practice has made great 
advances. Naturally, the conditions are not so onerous in 
railway work, and very close and continuous attention has 
been given to its application in this direction by Mr James 
Holden, the locomotive superintendent of the Great Eastern 
Railway. Mr Holden has brought his own burner and its 
use on locomotives very nearly to perfection, and every 
credit is due to him for having advanced the claims of 
liquid fuel as he has done for so many years. He 
thoroughly investigated the conditions under which oil 
fuel could be burnt most efficiently, and every detail to 
secure the best service was exhaustively dealt with. The 
outcome of all this effort and application has been the 
invention of a burner which, if not the most efficient and 
most economical available, stands in the forefront, and has 
formed the basis for the introduction of many others on 
the same principle. This burner (see fig. 18 ante) has already 
been described, and therefore can be referred to for details. 
At any rate, the success of Mr Holden's work has induced 
many English and foreign railway companies to adopt 
liquid fuel, and there is scarcely a single country in Europe 
that has not its liquid-fuel locomotives, while oil fuel has 
been adopted in India, Egypt, Japan, and, of course, America, 
especially in California. Another pioneer in this line of work 
was Professor Urquhart, who is the engineer on the Graizi- 
Tsaritsin Railway, in S.E. Russia. The work of Professor 
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Urquhart has therefore also been of great benefit to the use 
of oil fuel on railways. 

In a paper he read on the subject of liquid fuel, before 
the Institute of Mechanical Engineers, in 1899, he stated 
that he had under his superintendence 143 locomotives 
fired with petroleum refuse, besides 50 stationary boilers 
and some furnaces. The petroleum refuse used has, 
according to Professor Urquhart's calculation, a calorific 
value of 19,832 thermal units. Apparently, however, about 
1200 thermal units should be deducted from this for the 
latent heat of the steam produced in combustion. The 
calorific value, as fuel, was therefore about 18,600 thermal 
units per pound, or the evaporative power is, say, 19J lbs. 
of water from and at 212° per pound of fuel. The highest 
actual evaporation given in Professor Urquhart's paper was 
14 lbs. per pound of oil, at 125 lbs. per square inch, from 60°. 
This would be equivalent to 16*8 lbs. from and at 212°, 
and, if it can be trusted, it is a very remarkable, though 
not impossible, result. 

If the steam was not dry, then the real would be less 
than the apparent evaporation. It should be noted further 
that, in a locomotive with iron tubes, the evaporation is 
given as 12^ lbs. per pound of oil, and this is stated to be 
" the ordinary practice of locomotives." Professor Urquhart 
also states that at a trial at a print works at Moscow, with 
a stationary boiler of locomotive type, the evaporation was 
13 J lbs. per pound of oil. The comparison here between 
coal and petroleum oil relates only to the calorific value. 

To illustrate the present arrangement of Mr Holden's 
apparatus, a general outline elevation of one of a type of 
single-driver Great Eastern express locomotives is presented 
(fig. 35). This engine was built for working a special fast 
service of passenger trains between London and Cromer. 
The fittings are numbered, and correspond with the 
following references: — 

A. Patent burners of the constructiun Rhown in detail in fig. 18. 

B. Steam fitting supplying dry steam from the dome to the burners. 
G. Regulating valves operating singly or together. 

D. Oil-fuel pipes conveying the fuel from the tank on the tender to the 

burners. 
£. Oil-fuel tonk. 
F. Warming ooil used in cold weather to keep the oil fuel sufficiently 

liquid to regulate easily. 
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The oil fuel is injected through the front nozzles in a 
semi-sprayed condition by the steam admitted from one of 
the cocks of the steam fitting. The jet supplied by this is of 
annular formation, and induces hot air through the interior 
from the heaters in the smoke-box. To complete the atom- 
ising of the fuel, the steam passing the other cock of the 
steam fitting issues from a series of fine jets arranged round 
a hollow ring just behind the nozzle. These jets induce a 
considerable volume of atmospheric air (according to the 
velocity of steam permitted to pass the regulating cock) 
and, being directed at angles, deliver the atomised fuel 
equally over the grate area. 

Writing on the use of liquid fuel in locomotives, Mr 
Holden stated, before the International Railway Congress 
held at Paris in 1900, that the most desirable position of 
the burners could only be arrived at by long-continued 
experiments, and so far the best results have been obtained 
as shown, with the burner eccentric to the holes in the fire- 
box. This setting of the burners conduces to economy in 
steaip at the ring blower jets, as it utilises the steam 
to its utmost for air induction. It will be noticed that the 
ring blower attached to the burner is arranged eccentrically 
to the nozzle. The brick arch usually provided on coal- 
burning engines has been retained to obviate the too direct 
passage of the products of combustion to the tubes and to 
ensure a thorough combination. Also, the fire-door is 
provided with a deflector as shown, to direct downwards 
into the centre of the fire any air admitted at the fire-door, 
this practice being common to coal and oil burning engines. 
It will thus be seen that all the features necessary to the 
successful burning of solid fuel are retained. 

With regard to the composition of the base or heartli 
over which the liquid fuel is to be burnt, if coal and liquid 
fuel are to be burned in conjunction, a thin layer of slow- 
burning coal will be found to be most efficient, with the 
damper of the ash-pan opened sufficiently to give an easy 
draught and ensure a bright fire. In this direction a 
variable blast pipe has been found of considerable benefit 
on the engines of the Great Eastern Railway, when burning 
liquid fuel in conjunction with coal, the opening of the 
exhaust orifice being enlarged by 30 per cent, in area, whilst 
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if a return to coal alone is desirable, and a sharper blast 
required, a hinged cap provided at the top of the blast pipe 
and having a reduced area can be shut over the outlet, 
and the velocity of the escaping steam increased. 

When liquid fuel is used alone, the procedure of working 
is somewhat as follows : steam is first raised in the boiler 
by a wood and coal fire kindled in the ordinary manner, 
and when from 30 to 40 lbs. pressure shows on the gauge 
the fire is levelled over and covered with a layer of broken 
fire-brick of not more than 3-inch cubes. This covering is 
spread so that it is thinnest about the centre of the fire-box, 
and well packed round the sides and corners. A few pieces 
of waste or wood are thrown in to cause flame, and the 
liquid-fuel spray is started by opening the steam supply to 
the central cones of the burners and admitting the liquid 
fuel through the regulating valves. At first the fire will 
appear dull and indifferent, with probably considerable 
smoke. After adjusting to approximately the requirements 
of the moment, the second steam supply is opened to admit 
steam to the jets of the ring blowers, sufficiently to induce 
the necessary air for complete combustion and to atomise 
and distribute the spray as already described. The fire 
soon clears and all smoke disappears. 

The position of the burners relative to the grate will 
appreciably affect the noise of working. If too high, the 
introduction of the oil spray and air causes a series of 
minute explosions ^mong the products of combustion from 
the fire below, and an intolerable hum ensues, whereas if 
the oil fire is maintained along the plane of the coal fire, 
the action is all but noiseless. 

On the Great Eastern Railway coal tar and its by- 
products have been used as well as those from oil-gas plant, 
and petroleum distillation residues specially imported for 
fuel. With some 58 engines equipped, the means of 
storage and supply must necessarily be somewhat consider- 
able, and the arrangements at Stratford for this purpose, 
which are the outcome of considerable experience, are the 
most complete in Great Britain. 

The storage for supplying these engines with oil consists 
of a series of underground tanks, having an aggregate of 
50,000 gallons capacity, arranged to receive the oil by 
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gravity from the travelling tanks on the railway. A small 
rotary pump driven by a steam engine delivers the oil fuel 
into six large cylindrical reservoirs, elevated 20 feet above 
rail level, and having a total capacity of 42,000 gallons. 
Outlet pipes controlled by valves operated from a gallery 
above conduct the oil from these high-level reservoirs to 
filling posts or arms similar to ordinary locomotive water 
cranes, but somewhat smaller, for filling the tanks of the 
engines coming to the depot for fuel. The whole plant is 
worked by four men, one of whom is exclusively employed 
on the night duty of filling the engines, whilst the other 
three, a chargeman and two assistants, are engaged during 
the day in pumping the oil, emptying the travelling tanks, 
and filling any engines arriving for day service. 

Fifty engines, says Mr Holden, could be easily and 
expeditiously dealt with here, and the plant could be 
practically duplicated without increasing the manual 
labour. A main-line express engine can take 600 gallons 
of liquid fuel in a period of from four to five minutes. The 
whole installation is lighted by electricity, with portable 
lamps for the filling arms. It can readily be understood 
that the facilities of distribution are far greater with liquid 
fuel than with any system of coaling, no matter how 
mechanical. At the country depots where liquid fuel is used, 
it is stored in underground reservoirs and is delivered to the 
locomotives by air pressure displacing it and driving it 
through the filling pipes. The air is pumped into the 
reservoir by the air brake pump of the locomotive, the 
driver and fireman manipulating the gear precisely as they 
would if renewing the water supply. The liquid-fuel tanks 
of the locomotive have a fine gauze strainer protected by a 
perforated cylinder of thin metal ; this ensures a thorough 
-clearing and filtration of the fuel prior to its entry into the 
tanks, pipes, and burners, and further acts as a safeguard 
against any danger from naked lights, should light oils or 
vapour happen to be present. This is a precaution more 
necessary when crude oil is used than when residues are 
employed, and on the Great Eastern Railway, where the 
latter are usually the fuel, the gauze is employed more for 
filtration purposes than for the sake of safety. 

Engines similar to that illustrated have frequently made 
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the through run from London to Cromer, 138 miles, in 175 
minutes, with one stop of four minutes seven miles from the 
latter town, on a consumption of 190 gallons of tar residues 
(specific gravity 11), equivalent to 144 lbs. of oil fuel per 
train mile ; to this must be added 6 cwts. of coal used to 
light the fire and raise steam, equal to 5 lbs. per mile, or a 
total of 19*4 lbs. per mile. On these journeys from 5 to 6 
cwts. of broken fire-brick (old brick arches) are spread on 
the grate. 

The system used on the Great Eastern Railway has been 
largely adopted in foreign countries. The administration 
of the Imperial Austrian State Railways have a total of 
32 engines fitted for operating the Arlberg tunnel railway. 
The Western Railway of France have several engines on 
the suburban system of Paris so fired, as have also the 
Paris, Lyons and Mediterranean and the Paris and Orleans 
Companies. In the Far East numerous locomotives and 
stationary boilers have been fitted, countries adjoining the 
great oil-fields of Borneo and Java being particularly well 
represented in this respect. The demand for fuel has been 
met by petroleum companies supplying the crude oil minus 
its lighter constituents. 

Wood is becoming more scarce and difficult to obtain in 
many districts, and in one case in America where this fuel 
has been superseded by oil, the difference in cost has been 
33J per cent, in favour of the latter, for when 1000 train 
miles on wood fuel cost $63*75 (£12, 16s.), the same mileage 
on liquid fuel has been secured with an expenditure of only 
$4111 (£8, 4s. 5d.). 

In South Africa the difficulty of obtaining fuel has some- 
what retarded modem means of transportation, but liquid 
fuel burnt under the conditions described and with Mr 
Holden's apparatus has been successfully introduced as a 
convenient and satisfactory solution. 

The carriage of liquid fuel in bulk to countries having 
no native coal or wood must be infinitely less in cost than 
that of solid fuel, for one ton of the former will equal two 
tons of the latter in useful effect, and here lies one of the 
greatest inducements to an extensive adoption. 

From data which have recently been published, it will be 
seen that oil fuel is largely used on the Roumanian State 
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Railways. On this railway the Holden burner is almost 
exclusively adopted. 

Of the total number of locomotives, 342 were fitted up 
to 31st March 1902 with apparatus for burning petroleum 
and lignite, and the remainder burnt wood or coal. Of the 
342 locomotives which burnt petroleum residuals and 
lignite, 336 are fitted with apparatus of the Holden system, 
five with the Urquhart system, and one with the Korting 
system. 

Of these locomotives, 17 bum residuals only, whilst the 
rest bum residuals and lignite. In the course of the year, 
56 locomotives have been fitted with apparatus for burn- 
ing petroleum residuals. 

An apparatus for buming mixed fuel has been adopted, 
which enables an easy change to be made from residuals to 
coal and wood without the locomotive being put out of 
service. 

The following are the quantities of fuel consumed during 
the year by the 482 different locomotives : — 

Glass of Fuel. Quantity. 

Tons. 

Cardiff coal 11,391-48 

Westphalian coal 29,702*53 

Silesian coal 393 '83 

Lignite from Prahova and Dambovitza .... 92,024*41 

Lignite from Bacau (Trotus) 416*21 

Petroleum residuals 27,051*02 

Cubic Metres. 
Wood 221,119 

This fuel has cost on an average 26*25 francs per ton, 
and if we add to this the cost of handling, superior tendence, 
losses, etc., the average cost of a ton of fuel will come to 
27-27 francs. 

The consumption of oil fuel during the last ten years has, 
needless to say, greatly increased, and while in 1891 only 
1464 tons of petroleum residuals were used, no less than 
27,051 tons were consumed during 1902. 

A design of an oil-fuel apparatus employed on a Cali- 
fomian railway is also presented here (fig. 36). The 
inventor is Mr W. N. Best, superintendent of the Los 
Angeles Railway. 

The oil burner used differs chiefly from others in that the 
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oil channel is below the steam atomiser instead of above 
it. The nose-piece of the atomiser is held in place by a 
bridle, so that it can be quickly removed if the steam 
passages become stopped. There is also an automatic 
release valve for draining the steam pipes and passages 
when the burner is not in use. A spiral spring acts to 
raise this drainage valve, which remains open until steam 




Fio. 36.— Beut'a ail fuel apparntOB. 

is turned on in the burner, when it closes automatieekUy. 
This prevents water from reaching the refractory walls 
aad arch and injuring them. 

An inverted arch is used, similar to those commonly 
employed, except that the hole for the admission of air is 
just at the back of the front refractory wall. This location 
is the result of actual trials. The inverted arch is lined 
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with fire-brick at the rear, and around the air cavity an 
angle iron is riveted in order to hold the fire-bricks in 
place. 

The refractory arch is of bricks, 9 inches thick, fitting 
closely to the front refractory wall and resting on two wedges 
which give them the proper pitch. The highest portion of 
the arch is level with the lower flue, and the arch is made 
one-third the length of the fire-box. 

Oil fuel is also employed on the Madura street tramways 
in the Dutch Indies. The oil is supplied by the Dordtsche 
Petroleum Company, and is of a somewhat viscid character. 
In order to warm up the residue and so increase its fluidity. 
a pipe is coiled around the sieve in the reservoir, which pipe 
can be supplied with steam from the main boiler by turning 
a cock from the supplementary boiler by means of a 
pipe and a three-way tap. The water condensed in the 
coiled pipe can be blown off on to the wheel rims in order 
to reduce the amount of wear. The actual burner is placed 
below the iron fire-box, and is bolted on to the ash-box with 
screws. The oil-fuel pipe opens into the left-hand side of 
the burner, the steam pipe discharging into the top. The 
steam may be obtained from the main boiler by turning on 
a cock, or else from a supplementary boiler by means of a 
three-way cock and pipe. 

For simplifying tlie service, an equilibrium valve set at 
5 to 6 atmospheric pressure, and controlled by a pressure 
gauge, is fitted to the pipe conveying steam to the burner. 
Between the boiler and this valve is a sieve (^readily access- 
ible for cleaning) which retains all solid matter (fragments 
of wood, stone, etc.) carried by the steam. The supply of 
fuel is regulated by a hand- wheel mounted at a convenient 
height on the boiler and controlling the feed cock. 

The burner used on the engine was of the Urquhart type, 
with a few modifications. 

The results furnished by these locomotives were very 
favourable. The charging of the reservoir with 66 gallons 
of residuals supplied by the Dordtsche Company occupied 
15 minutes, the fuel being warmed up by steam from a 
supplementary boiler to 45 C. The locomotive boiler was 
filled with cold water, and the burner was turned on 
gradually. The pressures recorded were: — 
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At 2.50 4.10 4.23 4.32 4.40 4.67 4.69 5.8 6.16 5.21 o'clock. 

Atmos. pressure 0123466789 

From 4.10 p.m. the locomotive's own steam was used in 
the burner, and at 5.24 a pressure of 9^ atmospheres was 
obtained, the consumption of fuel amounting to 6*6 gallons. 
I The trial run from Bangkalan to Kamal gave the following 

results : — 

Mean speed per hour 10*2 miles. 

Mean pressure of steam 8*2 atmos. 

Consumption of liquid fuel 15*6 galls. 

Consumption of water 164 „ 

I Length of track 11*2 miles. 

I Cost of residue per 220 galls 258. 8d. 

I Water evaporated per unit vol. of reaidue . . . 9*6 units. 



The average consumption of liquid fuel on the trial trip 
was 1210 gallons, with a train weight of 35 tons, the cost 
being less than Id. per kilometre, while the expense with 
coal amounted to ^d. 

In order to satisfy themselves that fuel oil was as well 
adapted as coal for firing locomotives having to traverse a 
mountainous country, the Japanese Government ordered 
tests to be made on its Shin-Yetsu line, which is operated 
in a mountainous part of the country. The results of this 
test were considered as satisfactory as those made on roads 
traversing a comparatively level country. The fuel oil used 
in the tests on the Shin-Yetsu line came from the district 
known as Northern Echigo. The Japanese Government 
intends also, it is reported, to use oil fuel on the Tokaido 
line, as a portion of this line runs through the Hakone 
passes, where there are many tunnels, which cause the 
heavy smoke and gases from the coal burned in the engines 
to unpleasantly accumulate. The Ohugwai Shogyo Com- 
pany, it is said, is still contemplating a change from coal 
to fuel oil on its locomotives. 

In another paper read by Professor Urquhart some years 
ago, he gave figures representing the cost of transforming a 
locomotive burning coal to one capable of burning oil. The 
cost, he estimates, would amount to £39, 10s. ; tliis at least is 
the sum which he himself expended on the conversion of an 
engine on the Grazi-Tsaritsin Railway in Russia. This price 
applied to a six- wheeled engine. In an eight-wheeled engine, 
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in wliich the coal space had to be increased, the outlay 
amounted to £76, 18s. 

In the six- wheeled engines the average cost of fuel per 
engine mile was reduced from 7*64d. for coal to 4'43d. for 
petroleum, or 42 per cent.; in eight- wheeled engines the 
reduction was from 1102d. to 5'84d., or a saving of 47 per 
cent. In the former type of engine the equivalent of 
100 tons of coal was 55 tons of petroleum, while in the 
eight-wheeled engine 50 tons of petroleum displaced 100 
tons of coal. 



CHAPTER X. 

OIL FUEL FOB METALLUEGIGAL AND OTHEB 

PUEPOSES. 

Oil fuel should form an unequalled medium for smelting 
metals of various descriptions, especially the more valuable 
ones. The cleanliness of the fuel alone recommends it for 
use in smelting, and it has been adopted in quite a number 
of instances in this and other countries. The great objec- 
tion to it is again its cost, though the economy that can be 
effected in the metal itself is one point which would largely 
counterbalance it. Oil fuel has also found extensive use in 
smelting the heavier metals, and we cannot do better than 
give a brief record of these applications here. 

In reference to the different purposes to which liquid 
fuel has been put, it is of great interest to know that as far 
back as 1888 Mr James Riley, the well-known steel-works 
manager of Scotland, in conjunction with Mr F. W. Dick, 
introduced an apparatus for burning liquid fuel in regenera- 
tive furnaces. The furnace is described in the specification 
as follows : — The improved furnaces are of the kind in which 
gaseous fuel is used, and in connection with which heat 
regenerators are employed. The regenerative chambers are 
buildings detached from the main furnace building, and 
where four are used, as will generally be the case, are 
arranged in two pairs at the ends of the space, with the 
furnace between them. Each chamber might be wholly 
detached, or each pair may be formed in one building, side 
by side, or one above the other. The chambers are by 
preference built so that their upper parts communicate 
directly with the furnace, being close to the furnace, or 
connected with it by very short flues. Each regenerative 
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chamber is by preference of a cylindrical form, and consists 
of an iron or steel shell lined with fire bricks. The com- 
munications with the chambers used respectively for 
heating the gas and the air are controlled by separate 
valves, and sight-holes are provided to allow the internal 
condition being ascertained at any time. The tops of the 
chambers are by preference made removable to facilitate 
repairs ; and each entire chamber may be made portable, so 
that it can be raised for the purpose of emptying out the 
chequer- work with which the chamber is filled as usual. 

Four years previous to this, Mr Ludwig Nobel, of St. 
Petersburg, Carl Wittenstrom, of Motala, and E. Faustman 
and P. Ostberg, of Stockholm, invented an apparatus to be 
employed in burning naphtha or other volatile liquid, appli- 
cable especially for melting metals which are diflScult of 
fusion. This patent is described as follows : — Hollow trough- 
like fire-bars are employed. They are placed one above 
the other. The naphtha or combustible liquid is always 
kept to an equal depth on the fire-bars during the firing. 
This is conveniently accomplished by a supply and overflow 
as follows. There is a small pan cast in one piece with the 
fire-bar and in connection with the trough-like hollow 
therein. Tlie naphtha or liquid is supplied to the pan by a 
fuel pipe or by the overflow from the bar above, and the 
overflow pipe is fitted in the same pan. These overflows 
regulate the quantity of naphtha and the equal distribution 
of it on the different fire-bars. The draught is obtained 
simply by a chimney. The flame passes from the fire-bars 
into a chamber for the purpose of mixing the combustible 

fgtses with air, which is also admitted to the chamber, 
rom this chamber the flame passes forward into the body 
of the furnace through a narrow passage or passages, for 
the purpose of effecting a more complete mixing of the 
gases with the air. This arrangement causes the tempera- 
ture to be raised considerably, and is quite indispensable to 
a complete and smoke-free combustion. 

Petroleum residue (sp. gr. about 0*93) is used as a fuel 
for smithy fires ^ in a number of German and Russian 
works, the later especially. The arrangement shown (fig. 
37) has now been in use for some time in the railway 

^ Translation in Petroleum JRevieto. 
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repairing shop at Ufa ; and prolonged experience with oil 
fuel has shown the system to possess the following advan- 
tages: — (1) The petroleum hearth does not give off any- 
noxious sulphur gases ; (2) it occupies only a small amount 
of space, so that more smiths can be accommodated in the 
shop than is the case with coal hearths ; (3) it can be easily 
fitted; (4) is cheapest; and (5) much more productive, 




Fio. 37.— Longitudinal section of metallurgical furnace. 

especially in nail smithies, since a number of pieces of iron 
can be heated together, and the work goes, on continuously, 
whereas this is impossible with coal fuel. 

The cost of producing a ton of wrought-iron works out as 
follows : — 





A 

Francs. 


B 
Francs. 


Total 
Francs. 


With residuals . 

1 • O vlU • • • 


48-61 
107-76 


28-53 
4*80 


77-14 
112-56 



Here A represents the cost of fuel, and B that of labour. 
Consequently, by the use of residuals a saving of 59*15 
francs is effected in respect of fuel, and 31 per cent, on the 
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total outlay. For performing the work in 10 hours, 33 
smiths are needed with oil firing, whereas with coal 40 men 
are required, the former being therefore more productive 
by 17*5 per cent. At the Ufa works a smith earns about 
3*73 francs (roughly 3s.), and, apart from the prime cost of 
the metal, the production of a ton of wrought goods works 
out to 77-14 + (33x3-73) = 200-23 francs for the petroleum 
hearth, and to lll-56+(40x 3*73) = 26076 francs for the 
coal hearth, the latter being therefore the more expensive 
method by 60*53 francs per ton. 

Formerly, th^ hearths in the Ufa repairing shop, eight in 
number and employing 20 smiths, were fired with coal 
exclusively ; but as the work increajsed and more accommo- 
dation became necessary, oil firing was introduced, and at 
present there are five hearths at work (two of them double), 
employing 30 hands. 

The petroleum smithy hearth (fig. 37) consists of a solid 
angle-iron framework, mounted on iron feet. The frame- 
work carries a course of brickwork, 4J ins. high, at the two 
extremities of which are the generator B and the flue C, 
the iron being heated in the part D. The generator B 
consists of a jacketed iron case, into the two opposite sides 
of which debouch the branches of the air conduit c, which 
is fitted with a damper d. The two walls of the case are 
provided with the semicircular apertures e, e^, the former 
fitted with a damper and serving as a peephole for watch- 
ing the progress of the fire. The atomiser consists of two 
iron pipes, one of which is wedged firmly into the inner 
wall of the case and serves as the air-blast nozzle ; whilst 
the other is formed of two parts, set at right angles, one 
part acting as the oil nozzle and the other terminating in 
the smaller funnel p, which is filled with oil from the tap 
o. The generator case is open below, and the sole purpose 
of the side walls is to strengthen the fireproof lining. The 
latter is provided with two fireproof orifices, g and A, of 
which the first-named serves for the ignition of the mazout 
on starting to work, whilst A, which is taper and slopes 
down towards the space D, conducts into the latter the 
gases produced and ignited in the generator B. In order 
to increase the retention of heat in D and ensure the 
better heating of the work, the bottom of the hearth is 
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filled with broken fire-brick. The chamber D is fitted with 
a cover of fire-brick set in an iron frame, this cover being 
arched to facilitate the access of the flame to the material 
to be heated. 

In working these hearths, the oil fuel is lighted by 
throwing a small bundle of burning greasy rag through the 
orifice g into the generator, the register in the air pipe 
being opened a little, and a fine stream of mazout allowed to 
run into the funnel p by turning on the tap o. The oil 
encounters the current of air, is atomised, and ignites at the 
burning rags. The complete admixture of oil and air is 
assisted by the position oi the orifice A, which is on a some- 
what higher level than the atomiser. Until the walls of 
the generator are fully heated, the flame is allowed to 
stream through g and h, but as soon as the hearth begins 
to get white hot, the hole g is closed with a stone or a 
lump of clay. The temperature of the hearth can be 
adjusted to working strength by regulating the air damper 
and the oil tap, the best results being obtained when the 
air pressure in the pipe measures 2 ins., water gauge, and 
1\ ins. in the generator; under these conditions the con- 
sumption of oil is 40-42 lbs. per hour. The double walls 
of the generator case serve to heat the incoming air, and 
thus economise fuel; the combustion is complete and 
smokeless. 

The hearth, as illustrated, will find employment for six 
smiths working together, two of whom can be engaged in 
welding pieces of medium size, without being in the way of 
the rest. 

For the manufacture of sheet iron a petroleum furnace 
has been in use which differs very little in construction 
from the usual gas furnace. At the back of the arch is an 
opening which admits the oil sprayer. This sprayer is so 
arranged that it can be moved in any direction, while there 
is no possibility of air entering, except through the sprayer. 
The products of combustion travel through the side flues, 
and thence to the chimney. Each furnace has its own 
chimney, the diameter of which is 0*65 of a metre, and the 
height 13*5 metres. As a rule the chimney is shorter, as 
with petroleum fuel less draught is required, and the fire 
can be so regulated that practically no smoke is observable. 
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At the back of the furnace an opening is made to 
regulate the temperature and to increase or decrease the 
supply of fuel or air. Care must be taken that the sprayer 
is not more than between 500 and 600 mm. above the iron 
to be heated. As a rule the petroleum furnace is heated 
very rapidly — that is, it is ready for working in from 2^ to 
3 hours, and not more than from 12 to 15 poods (from 4 to 
5 cwts.) of petroleum are required for every three ingots 
dealt with ; the gas furnace, on the other hand, generally 
takes from 9 to 10 hours to prepare for working. In the 
petroleum furnace the ingots are put in the same way as 
the gas or wood furnace, with this difference, that whereas 
the ingots in the two latter descriptions of furnace are 
laid on their sides, in the former they are laid flat. The 
ingot that has come from the petroleum furnace is evenly 
heated throughout, the result being that the percentage of 
spoilt ingots is considerably less than when gas is used. 
Not only this, but the wear and tear of the rolling mills is 
very much reduced, as, for instance, in 1896-97, when wood 
fire was employed, out of five rolls used, four were broken ; 
while in 1897-98, when petroleum was used, not a single roll 
was broken, and the work turned out was superior. The 
results were due to the use of petroleum as fuel. By the 
use of gas fuel, that part of the ingot which lies at the 
back of the furnace always attained a higher temperature 
than that in front, and when Siemens-Martin steel has 
been used the oxidisation has taken place in the back part 
of the ingot. In the petroleum furnace, on the other hand, 
the temperature is always regular throughout, and with 
Siemens-Martin steel no trace of oxidisation is apparent. 
It may be doubted whether it is possible to distribute the 
heat evenly over a space of 1 square metre, as the 
petroleum flame is concentrated in the centre, but the fact 
is, that the flame, being forced by pressure, is spread over 
the whole area, and this is proved by the fact that, whereas 
in 1896-97 the iron sheets showed a difference of thick- 
ness amounting to 2 mm., the front measuring 24 mm. and 
the back 26 mm., or a difference in weight between the 
front and back of the ingot of 2 lbs., since petroleum has 
been introduced this difference has entirely disappeared. 

The quantity of fuel used for the petroleum furnace 
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represents from 70 to 72 poods of residuals, or approximately 
1 pood per hour per ingot. The quantity of iron treat^ 
averciges 440 poods in the twenty-four hours, the process 
being repeated three times, and sometimes four or fiva 

In the year 1901, a small liquid-fuel furnace for 
metallurgical purposes,^ and primarily for smelting 



Fro. S3.— Loiigitadiiial section of Hollo«fty'» smelting fumaoe. 

tungsten and copper ores, was erected and worked by 
Messrs Holloway, Lake & Currie, at Garford Street, 
Poplar, The furnace was a small one of the reverberatory 
type, and the method of supplying the oil, pulverising and 
igniting it, was of the simplest. The burner, in fact, was 
nothing more than a simple mechanical device for injecting 
' Petroleum Bevievi. 
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oil and air into the furnace. One of the chief points 
about thia apparatus was the small size of the com- 
bustion or gasifying chambers, namely, 8 x V x 9 ins., 
which may be seen from the sketches given (figs. 38 
and 39). The furnace was worked by a blast obtained 
from a Boots blower, and heated by the waste heat 



Fio. 39. — Transrene oeotion of HdUowsj'b amelting furnace. 

from the furnace. The system employed permitted of 
a low-pressure air-blast, though a wide range of tempera- 
ture can be obtained, while there is no necessity for 
smoke-stacks. The results of the working of this 
furnace proved that a reverberatory furnace having a 
hearth 5 ft. by 2 ft. 6 ins. could be run at a temperature 
just below the fusion point of cast-iron, for a consumption 
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of 2*8 gallons per hour, and an air pressure of from 2 to 
3 ozs., and that a high-temperature crucible furnace, 
capable of holding three 150-lb. pots, has been run for 
seventeen consecutive hours at a temperature ranging 
between 1700" and 2000° C, with a consumption of 
4*75 to 50 gallons of Borneo oil per hour, and a cold blast 
of 16 ozs. An important development in the use of liquid 
fuel for small blast furnaces consists in the fitting of an oil 
supply to the tuyeres to the cupola furnace by Messrs 
HoUoway. Those who have to do with cupola work know 
the tendency there is for the charge to hang up. To 
obviate this, it is only necessary to inject a little oil at the 
mouth of each tuyere. The oil is at once converted into 
gas, and bums throughout the whole charge, so that fusion 
usually proceeds at once. 

A crucible furnace for the smelting of brass in use in 
the United States, described in an American contemporary, 
is capable of fusing 40 lbs. of brass in about thirty minutes 
with half a gallon of liquid fuel, which means at about a cost 
of one penny. The action is extremely simple. An upper 
vessel contains the main oil supply. From there it rails 
by gravity through the cock into the filter vessel. The 
cistern being air-tight, the level in the filter vessel is always 
the same — ^that is to say, it just covers the mouth of the 
vertical tube. From the filter vessel the oil descends 
through the filters, passes into the small pipe, through a 
valve just beneath the filter vessel, then through a second 
regulating valve, and out by the down-turned nozzle. The 
air-blast enters by the tube, which has a hole at the end 
and a slot underneath. As the oil trickles over the tube, 
it is blown by the air issuing from the slot to the bottom 
of the combustion chamber, where it is partly vaporised 
and partly burned. The resulting flame and gases, issuing 
by the orifice, circulate round the crucible, where combustion 
is completed, and the waste gas passes out through a hole 
in the lid. When a complete charge cannot be packed in 
the one crucible, a second clay warming cylinder is used to 
prepare the extra amount. 

It ought to-be noted that, as there is no passage less than 
\ inch in diameter, the apparatus is quite free from choking, 
so frequent in small spray burners, and as whatever vapor- 
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iaatioD takes place is effected in a large combustion chamber 
in the presence of air, any non-volatile constituents of the 
fuel are immediately burned, entirely overcoming the 
caking difficulty. 

The smelting of iron ore by the use of oil has often been 
suggested, and endeavours have been made towards this 
end, but so far these have proved neither mechanically nor 



Flo. 40. — Sectian&l views of furnace for smelting are with oU. 

commercially succesaful. A process' has been devised 
recently by Mr E. Riveroll, of Los Angeles, Cal., which is 
illusti-ated herewith. 

The ore and flux are introduced through a charging door 

directly under the stack, and pass down me inclined bottom 

of tho furnace, the molten metal and slag being collected 

in the crucible at the lower end, from which they can be 

' PetToleum Sevievr. 
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tapped off. The oil is introduced, with steam, through a 
number of jets placed on top of the furnace, as shown. 
The furnace described is 40 leet in length and 2 feet in 
the clear, inside. 

The inventor points out that during the past decade 
numerous attempts have been made to accomplish this 
process. It is true pig iron has been secured by experi- 
menters with oil as fuel, but in no case has more than 
150 lbs. of the charge been reduced at one time, and even 
then coke or charcoal had to be introduced to the extent 
of 10 per cent, or thereabouts in order to bring about the 
necessary chemical reaction. Heretofore all efforts to pro- 
duce this important material in commercial quantities, 
using only crude oil as fuel, have failed, because of the 
apparently insurmountable difficulties in the way. Chief 
among these was the getting rid of the oxygen in the iron 
ores,, and the application of the heat directly upon the 
entire body of the ore to be reduced. 

This process is both simple and inexpensive, being less 
complicated than the cupola or upright smelter, and requir- 
ing none of the cumbersome machinery incidental to the 
hoisting of both ore and fuel to the top of the flue. 

On August 19, 1902, Mr RiveroU made a trial ram in 
his 50-ton capacity experimental smelter at Tropico, Los 
Angeles county, California, in the presence of Professor 
Joseph Kirkham, general manager of the Pacific Art Tile 
Works, and several other responsible parties. This run was 
so successful as to place the invention beyond the bounds 
of mere experiment. For more than half an hour molten 
metal ran out in a steady stream, and then the furnace was 
shut down, as its unqualified success had been demonstrated 
to the entire satisfaction of all concerned. The resultant 
slag consisted of 45 per cent, silica and alumina, 50 per 
cent, of lime, and 5 per cent, of iron and other elements. 

The chief claim urged by the inventor in favour of his 
smelter is its economy. Taking the experimental run 
referred to above as the basis of this claim, the following 
figures taken at the time furnish sufficient data to sub- 
stantiate all claims of economy : — The analysis of iron ore 
used showed metallic iron, 567 ; silica and alumina, 13*3 ; 
sulphur, 1*4. The analysis of the limestone (flux) was: 
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lime, 52*5; silica, 6*3. The quality of oil was specific 
gravity 20*5. Two barrels of this oil were necessary, on 
an average, to reduce one ton of the charge. With oil 
wholesaling in the West for 60 cents per barrel, and the 
cost of ore (not to be less than 50 per cent, metallic iron) 
not more than $3 per ton, pig iron can be produced for $10 
per ton or less. 

In a paper read at the beginning of the year by Mr A. 
von der Ropp, on the subject of the use of crude oil in 
smelting, before the California Miners' Association, at San 
Francisco, he states that at the works of the Selby Smelter 
4 roasting furnaces are used, with a total of 11 burners ; 
1 matting furnace, with 3 burners ; 1 copper furnace, with 
1 burner ; 14 lead furnaces, with 14. burners ; 13 zinc 
retorts, with 13 burners ; 3 cupel furnaces, with 3 burners ; 
1 antimony furnace, with 1 burner ; 1 furnace for smelting 
fine silver, with 1 burner ; total, 47. 

In all of these furnaces the use of crude oil has brought 
about a saving of from 40 to 60 per cent, in the cost of fuel 
over coal. And this does not represent all the benefit to be 
derived from the use of liquid fuel in metallurgical establish- 
ments. 

Mr Ropp also pointed to the ideal conditions prevailing 
in the roasting furnace when liquid fuel is used. Once the 
flame is regulated by properly adjusting the oil and steam 
inlets, we have, he says, a clear flame, with not a trace of 
soot in the roasting chamber ; and this ideal condition con- 
tinues for twenty-four hours per day, enabling the sulphur in 
the ores to combine with the oxygen in the air during every 
fraction of a second. This means that we can crowd a 
roasting furnace using oil far beyond the capacity of a 
furnace using coal, and still we can produce a good end 
roast with the same percentage of sulphur remaining. This 
means that we can reduce the cost of fuel, labour, and 
repairs per ton of ore treated. 

In the reverberatory type of furnace, the roasted ore is 
subjected to a white heat to produce a quick sintering .and 
melting down of the charge. The aim in this furnace is to 
produce, first, "a copper-iron matte, which acts as an 
accumulator for the precious metals"; and, secondly, "a 
slag which is formed from the earthy components of the 
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ore." As matte is a compound of sulphur and heavy metals 
in fixed proportions, it is self-evident that the percentage of 
copper in the matte depends on the amount of sulphur 
remaining in the charge. 

Suppose, now, that we use coal as fuel in the matting 
furnace, we will have a reducing atmosphere whenever the 
fireman gets busy and fills the grate with fresh coal, thus 
producing an incomplete combustion for a certain length of 
time. During this period no sulphur can be oxidised by the 
oxygen of the air. With oil we have an oxidising atmo- 
sphere during every second, and consequently we find that 
we produce a higher grade copper matte in a furnace using 
liquid fuel than we can possibly produce in a f umcMje using 
coal. On the other hand, if it should be desirable to have 
a reducing atmosphere in metallurgical work, it is easy to 
change from an oxidising atmosphere to a reducing one in 
an instant, by either choking the air inlet to the furnace, or 
increasing the flow of oil to the burner. 

As the dimensions of metallurgical furnaces are variable 
ones, flames of many different sizes are required for 
metallurgical tools. For instance, at Selby, the extreme 
lengths of flames used are 8 inches and 6 feet. In the zinc 
retorts, which are the smallest furnaces, a flame of 8 inches 
is needed. In the large matting furnace, 35 by 16 feet in 
the clear, a flame of 6 feet or even more in length is needed. 
The burner has to be adapted to the furnace and to the 
work to be performed. Hence you will find at metal- 
lurgical establishments a great variety of burners, or at 
least a great variety of sizes of burners, and there is 
probably no better all-round burner than the one made of 
two concentric pipes, the smaller one being the oil pipe, and 
the larger one the steam-carrier. By this arrangement the 
oil pipe is steam-jacketed, and the temperature of the oil is 
raised to such a degree that its fluidity is very much 
increased, and part of the lighter oils become gases. All 
this tends to break up, more or less, the viscous oil into 
minute particles, which ignite readily when brought in 
contact with the oxygen of the surrounding atmosphere. 

" During the last few years," concluded Mr Ropp, " I have 
been repeatedly approached by parties asking why I do not 
use oil in the blast furnace, and the only answer I can give 

9 
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them is the following : — Solid carbon plays a very important 
rdle, especially in the upper level of the blast furnace shaft. 
Its function, especially with the fine ores, is largely to 
limber up the charge and allow the flow of gas to penetrate 
the charge evenlv ; besides, incandescent carbon has certain 
functions to perform in the blast furnace, which are of a 
chemical nature, and which need not be discussed. If coke 
or charcoal should be entirely replaced by oil in the blast 
furnace, the blast furnace charge would very likely become 
too dense to allow the combustion gases to escape freely." 

A portable rivet-heating furnace is also illustrated here- 
with (fig. 41), which has been specially designed for Holden's 
system of liquid fuel burning, and operated by compressed 
air or steam, whichever is most convenient. The regulat- 
ing valve C is coupled to the compressed air or steam 
supply pipe and the injector. This valve enables the 
exact amount of air or steam to be admitted to the injector 
for spraying and atomising the fuel. 

The oil passes from the tank to the regulating valve on 
the injector, the whole apparatus being under absolute 
control of the operator. 

Rivets are fed in at the top hole of the furnace, where 
they are first heated by the waste gases, and then passed 
through to the lower chamber, where they are submitted to 
the full heat of the liquid fuel. When sufficiently heated 
they are removed through the bottom door. 

To start the furnace, place some lighted oily waste, or 
similar combustible material, in the lower chamber, and 
then open the valves very gradually, and regulate the 
fuel until a clear fire is obtained without smoke; as the 
brickwork becomes hotter, more liquid fuel may be used 
as required. 

A brass-smelting furnace in use at the Grazi-Tsaritsin 
Bailway works in Russia is also worked with liquid fuel. 
The furnace is of the well-known make, having a drop 
bottom, which, however, is not used, as there is no new 
residue. One blast tuyere is used for each furnace, and is 
set tangentially, thereby giving a whirling motion to the 
flame, which, coming in contact with the white-hot fire- 
brick lining, ensures complete combustion of all the particles 
it contains. The blast is cold, and supplied by an ordinary 
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fan. Besides keeping a much cleaner foundiy, free from 
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Fio. 41. — Riveting funiace using oil fael. 

sulphurous fumes, the adoption of petroleum in place of coke 
has resulted in a sensible economy in fuel, as well as in 
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time occupied in smelting. With coke 40 lbs. of brass cast- 
ings were made with 35 lbs. of fuel and 10 per cent, loss 
of metal ; with petroleum 40 lbs. of castings are produced 
with 18 lbs. of fuel and only 6 to 7 per cent, loss of metal, 
and with 25 per cent, saving in time. 

Another very satisfactory arrangement of utilising fuel 
oil for assaying, etc., is made by the Bickford Burners Co., 
of Camborne, and some interesting figures are published by 
the makers. The furnace can be started in 15 seconds, and 
40 lbs. of brass melted in 30 minutes, with an expenditure 
of half a gallon of fuel oil. A fan blast of not less than 
2 ins. pressure is necessary for small brass casting, 5 ins. to 
8 ins. for general work, and 8 ins. to 12 ins. for fine brass 
and cast-iron. 

In a large foundry using this apparatus the comparative 
cost of coke and oil for melting 40 lbs. of brass is given as 
under : — 

CoKS. d, FuKL Oil. d, 

i cwt oven coke at Is. 8d. .3*75 } gall, oil at 2^(1. (boaght in 
8^ per cent waste of brass . 8*4 small quantities) . . . 2 

Crucible (20 charges per cru- 1} per cent, waste of brass . 3*6 

cible, 6s.) . . . .3 Crucible (30 charges per cru- 

cible, 6s.) .... 2 



15-15 7-6 

Showing a saving of over 50 per cent., exclusive of any 
advantages of labour, etc. 

The U.S. Government adopted oil as fuel on the Mills, 
one of the world's two greatest ocean-going dredgers, which 
are engaged in deepening and straightening the waterway 
from the Eastern Channel to the Narrows in New York 
Harbour. 

Before the Mills was adapted for the use of liquid fuel, 
the sister ship, the ThoTnas, burning coal, was engaged 
alone in dredging operations, which the Government 
engineers calculated would require something above four 
years for completion, but now, with the addition of the 
Mills, the same engineers predict that the work will be 
finished in less than half the time originally set. At no 
time has fuel oil proved its value more satisfactorily than 
in its employment on the dredger MiUs. 
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A sectional view and plan (6g. 42) of a small crucible 
furnace which has been designed by Messrs Taite & 




Carlton, and which has given excellent results in working, 
is also introduced here. 



CHAPTER XL 

OIL FUEL FOB DOMESTIC PTIBFOSES. 

The employment of liquid fuel for domestic purposes has 
up to the present time received little attention, for the 
reasons that absolutely new equipment would be required, 
involving possibly some structural alterations in existing 
dwelling-houses, that the price of oil, at the present time, 
prohibits its use on so small a scale, and that popular 
prejudice is against the displacement of a fuel which has 
become recognised as an indispensable part of domestic life. 
There is a simplicity about the matter of putting a shovel- 
ful of coal on the fire, while the use of tanks and taps 
appeals to the ordinary householder as being too complicated 
for safety and cheapness. Certainly, some invasion has 
been made into this primitive methoa by certain classes of 
stoves which are inaependent of wicks, and produce their 
heat by the consumption of the oil vapour given off. 

The only countries in which any attempt has been made 
to introduce liquid fuel for domestic purposes have been 
America and Russia, where the supply of oil is cheap and 
readily obtainable. Even here, however, the application 
is not at all on a large scale, and there is an aversion to 
its use on account of erroneous ideas that it is impossible 
to bum it properly in ordinary stoves, and that it will give 
off smoke and soot, and entail dangers not present in the 
use of coal. So settled is this conviction in Russia that 
even the municipal authorities of such towns as Baku, 
Tiflis, and Petrovsk, etc., have issued strict injunctions 
prohibiting its use in dwelling-houses. 

In burning liquid fuel, it is always necessary to have a 
good draught, so that it is rarely possible to adapt 
existing stoves to petroleum burning. 

134 
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Mr BaskakofF, a Russian engineer, who has studied this 
question of the domestic use of liquid fuel, comes to the 
conclusion that a firing chamber specially adapted for 
petroleiun burning and a certain construction of flues are 
of as great importance for complete combustion as the form 
of the burner itself. With these principles in view, he set 
about solving the problem, and ultimately produced complete 
and smokeless combustion of the oil, without the aid of 

Sulverisation, and with the conditions prevailing in ordinary 
omestic stoves. The latest burner introduced by Mr 
Baskakoff gave a soot formation of only 0*0003 per cent, 
of the total amount of fuel used. For this design he was 
awarded the gold medal of the Imperial Russian Technical 
Society. 
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TESTS MADE BY THE U.S. 

No. 1. — Test of Oil Fuel in a Hohenstein 

[Six hours' duration with forced 



Time. 



11 a.m. 
11.16 a.m. . 
11.30 a.m. . 
11.46 a.m. . 

12 m. . 
12.16 p.m. . 
12.30 p.m. . 
12.46 p.m. . 

1 p.m. . 
1.16 p.m. 
1.80 p.m. . 
1.46 p.m. 

2 p.m. . 
2.16 p.m. . 
2.80 p.m. . 
2.46 p.m. . 
8 p.m. . . 
8.16 p.m. . 
8.80 p.m. . 
3.46 p.m. . 
4 p.m. . 
4.16 p.m. 
4.80 p.m. . 
4.46 p.m. 

6 p.m. . 

Average . 



oo 


Temperature of 
Feed Water. 


Calorimeter. 


Height of Water 
in Gauge Glass. 


Temperature. 


Higher Tem- 
perature. 


Lower Tem- 
perature. 


Quality of 
Steam. 


i 

o 

i 


Air in Fire 
Soom. 


Gases at Base 
of Stack. 


lbs. 
276 


deg.F. 
120 


deg. F. 
402 


deg.F. 
302 


0*982 


ins. 
2^126 


deg. F. 
84 


deg.F. 
117 


deg.F. 

• • 


276 


112 


402 


802 


•988 


1-76 




118 


668 


276 


112 


402 


808 


•988 


2*6 




116 


■ • 


276 


110 


402 


804 


•964 


86 


■ • 


118 


706 


276 


122 


402 


302 


■962 


2^76 


86 


119 


• • 


276 


122 


402 


308 


•968 


1-76 




119 


709 


276 


120 


402 


304 


•984 


2 




120 


• • 


276 


112 


402 


304 


•984 


3 




121 


717 


276 


118 


402 


304 


•964 


2-13 


86 


121 


• • 


276 


120 


402 


304 


•984 


2-76 




122 


716 


276 


120 


402 


804 


•984 


2^76 




122 


• • 


276 


118 


402 


804 


•984 


3 




122 


712 


276 


128 


402 


808 


•963 


2^26 


86 


122 


• • 


276 


124 


402 


804 


•984 


2-26 




122 


711 


276 


122 


402 


804 


•984 


2-6 




122 


• • 


276 


126 


402 


304 


•984 


2 




122 


714 


276 


122 


402 


303 


•983 


2-76 


86 


122 


• • 


276 


120 


402 


304 


•984 


2^18 




122 


706 


276 


128 


402 


802 


•983 


a-13 




122 


• • 


276 


129 


402 


803 


•983 


2-13 




122 


690 


276 


124 


402 


308 


•983 


2-13 


86 


122 


• • 


276 


124 


402 


804 


•984 


2-18 




122 


704 


276 


121 


402 


803 


•988 


2^13 




124 


• • 


276 


124 


402 


808 


•988 


2^13 


«t 


128 


709 


276 


126 


402 


304 


•984 


2^126 


86 


124 


• • 


276 


120-7 


• • 


• • 


•9884 


• • 


86^4 


121 


704-6 



9^ 



e 



^3S 
o 



lbs. 
3^20 

3-11 

8*14 

3-28 

317 

317 

8-28 

8-28 

8-23 

317 

8-11 

8-28 

8*23 

3^17 

3-28 

8-28 

8*23 

8^28 

8-28 

8*28 

3*28 

8*28 

328 

3^17 

3-17 



3-20 



State of weather, bright sun. clear sky. 

Barometer at noon, 30*02 inches. 

Kind of fuel, Beaumont oil. 

Bevolutions of fan blower, 327 per minute. 

Revolutions of Boot blower, 126 per minute. 

Draught openings into furnace, 666 square inches. 

9.10 a.m. Two middle burners lighted. Boot blower driven by steam from small 
independent boiler. 

10.06 a.m. Steam pressure in main boiler, 100 pounds. All auxiliary machinery begun 
to be driven by steam flrom main boiler. All six burners alight. 

Smoke very uniform and much thinner than corresponds to chart No. 1. 
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LIQUID FUEL BOARD. 

Wateb-tubb Mabine Boileb, June 11, 1902. 

draught, using air burners.] 



Draught Air Pressures in Inches 
of Water. 



S 



V20 
1-20 
1-20 
1*20 
1-26 
1*80 
1*25 
1*25 
1*26 
1*26 
1*26 
1*26 
1-25 
1-3U 
1-30 
1*30 
1*30 
1-30 
1-80 
1*30 
1*30 
1*30 
1*30 
1*30 
1*30 



1*27 



0*80 
•80 
*80 
•80 
*86 
*80 
•80 
*80 
•80 
*80 
•80 
•80 
*80 
*76 
*80 
*76 
•75 
*75 
•75 
76 
•76 
•76 
•76 
*76 
•75 



•78 



I- 
<?0 



0-60 
•60 
*60 
*66 
-65 
•66 
•66 
*66 
•66 
•66 
•66 
•65 
•65 
•65 
•66 
•66 
•65 
•65 
•66 
•65 
•66 
•66 
•66 
•66 
•65 



•642 






0^25 
•25 
•26 
•26 
•26 
•26 
•25 
•26 
•26 
•26 
•26 
•26 
•26 
•26 
•25 
*26 
•26 
*26 
*26 
*26 
•26 
•26 
•26 
•26 
•26 



*25 



OQ 



-0*46 

- '46 

- '60 

- ^45 

- ^45 

- ^45 

- *60 

- *50 

- *60 

- *60 

- -50 

- *50 

- *60 

- ^46 

- ^60 

- ^50 

- -50 

- ^60 

- •SO 

- *60 

- *50 

- *60 

- *50 

- *60 

- *50 



- *488 



Flue Oases. 






68 

• • 

7*4 

• • 

7*6 

• • 

7 

• • 

7*1 

• • 

7*1 

• • 

7*1 

• • 

6*8 

• • 

6*6 

• • 

6*8 

• • 

6*8 

■ • 

7 



6*97 



8*2 

• • 

8*8 

• • 

9*2 

• • 

8^6 

• • 

9*8 

• • 

9 

• • 

8 

• • 

7*4 

• • 

8^8 

• • 

9-8 

• • 

9 

■ • 

9^6 



8*77 



O 



• • 

(?) 

• • 

0*4 

• • 

1*8 

• • 

1*4 

■ • 

1*3 

■ • 

2 

• ■ 

2*6 
1*3 

• • 

1*7 

• • 

1*7 

• • 

*8 



1*6 



Oil. 






lbs. 




1,76G 



1,819 



1,776 



1,777 



1,706 



1,738 



1,764 



I 



lbs. 







1,769 



3,588 



5,364 



7,141 



8,846 



10,584 



Water. 





• 




•o 


u 


5-s 


•o o 


o-S. 


«« 


Hi? 




^ 



lbs. 




19,406 



20,023 



19,990 



20,000 



18,823 



19,734 



19,663 



lbs. 



19,406 



89,429 



69,419 



79,419 



98,242 



117,976 



5 p.m. The floor of the furnaoe is badly warped from the heat. The floor consists of 
one layer of fire brick on wrought-iron floor plates on wooden sleepers with dirt rammed 
between the sleepers. The floor of furnace, back wall of same, and first two baffles are 
red hot. There are two disk'like accumulations of red-hot carbon on the back wall. 
The middle and larger one is about 16 inches in diameter. 

Next day: The disk of carbon has been removed and examined. Structurally, the 
carbon is indistinguishable from coke. The shape is that of a crater, 5 inches thick 
around the edges and 2 inches thick in the centre. The larser crater was opposite the 
middle burners. A smaller one was opposite the left-hand burners and there was 
practically none opposite the right-hand burners. Evidently a very slight difference of 
conditions will cause or prevent tiieir formation. 
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No. 2.— Test of Oil Fuel in ▲ Hohenstein 

[Eight hours' duration with 





1 




Calorimeter. 


u . 




Temperature. 






Time. 


Steam Pressun 
by Gauge. 


Temperature oj 
Feed Water. 








Height of Wate 
in Gauge Glass 












Higher 
Temperature. 


Lower 
Temperature. 


Quality of 
Steam. 


• 

« 

1 


Air in Fire 
Boom. 


Gases at Base 
of Stack. 


Air from 
Boot Blower. 






1 

i lbs. 


deg.F 


1 
deg.F. 


deg.F. 


1 


ins. 


deg. F. 


deg. F. deg. F. 


deg. F. 




9 a.m. . 


1 275 


122 


404 


305 


0-968 


2-5 


94 


• • 


90 




9.16 a.m. 


275 


130 


404 


806 


•964 


2-5 


• • 


97 


620 


91 




9.30 a.m. 


275 


130 


404 


306 


•964 


2*5 


• • 


100 


• • 


92 




9.45 a.m. 


275 


184 


404 


307 


•966 


2-26 


• • 


100 


525 


94 




10 a.m.. 


276 


122 


404 


806 


•966 


25 


74 


99 




96 




10.15 a.m. . 


276 


180 


404 


806 


98& 


2-5 


• • 


101 


526 


96 




10.80 a.m. . 


275 


180 


404 


806 


•965 


2^5 


• • 


102 


■ • 


97 




10.45 a.m. . 


275 


128 


404 


308 


•966 


25 


• • 


102 


508 


96 




11 a.m. . 


275 


140 


404 


307 


•964 


2-5 


76 


103 


• ■ 


99 




11.15 a.m. . 


275 


125 


404 


806 


•964 


2-26 


• • 


102 


600 


100 




11.80 a.m. . 


275 


180 


404 


307 


•986 


2^25 


• • 


108 


• • 


100 




11.45 a.m. . 


275 


124 


404 


807 


-964 


26 


• • 


104 


496 


100 




12 m. . 


275 


188 


404 


806 


-984 


2 


78 


106 


• • 


102 




12.15 p.m. . 


275 


184 


404 


807 


•985 


2 


• • 


105 


496 


102 




12.30 p.m. . 


275 


129 


404 


•806 


•Qfii. 


2-26 


• • 


104 


• • 


102 




12.45 p.m. . 


275 


; 124 


404 


804 


•988 


2 


• • 


106 


497 


108 




1 p.m. . 


275 


129 


404 


807 


•964 


2-26 


80 


106 


• • 


108 




1.16 p.m. 


275 


128 


404 


807 


•986 


2 


• • 


106 


497 


104 




1.80 p.m. 


275 


180 


404 


807 


•964 


• 2 


• • 


109 


• • 


104 




1.45 p.m. 


275 


128 


404 


807 


-986 


1 26 


• • 


109 


496 


106 




2 p.m. . 


275 


; 122 


404 


306 


•964 


2-5 


82 


110 


• ■ 


106 




2.15 p.m. 


275 


1 180 


404 


808 


•966 


2 


• • 


109 


497 


106 




2.80 p.m. 


275 


; 186 


404 


807 


•984 


218 


• • 


111 


• • 


106 




2.45 p.m. 


275 


' 124 


404 


307 


•966 


2^18 


• • 


112 


497 


107 




3 p.m. . 


275 


182 


404 


806 


•964 


2 


82 


111 


• • 


106 




8.15 p.m. 


275 


, 180 


404 


807 


•964 


2 


• • 


109 


500 


108 




8.30 p.m. 


275 


[ 130 


404 


307 


•985 


213 


• • 


112 


• • 


106 




3.45 p.m. 


275 


; 180 


404 


807 


-984 


2-26 


• • 


110 


602 


108 




4 p.m. . 


276 


' 124 


404 


307 


•965 


2-25 


82 


111 


• • 


109 




4.16 p.m. 


276 


1 129 


404 


807 


•964 


2-5 


• • 


114 


600 


110 




4.80 p.m. 


276 


1 180 


404 


806 


•984 


226 


• • 


112 


1 • • 


110 




4.46 p.m. 


276 


122 


404 


807 


•986 


2-6 


• • 


112 


506 


110 




6 p.m. . . 
Average . 


275 


122 


404 


807 




1 2-5 


82 


114 


1 
1 

1 


111 


275 


128-6 


1 

1 •• 


• • 


•984 


• • 

1 


79 


106 


608-6 

1 


102-5 





State of weather, bright sub, no clouds. 

Barometer at noon, 29^70 ins. 

Kind of fuel, Beaumont oil. 

Brcvolutions of Boot blower, 100 per minute. 

Draught openings into furnace, 124 square inches. 
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Watb&'TUbe Marine Boiler, June 26, 1902. 
uatural draught, nsiug air burners.] 





iwer, 
in. 


Draught Pressures in Inches 
of Water. 


Flue Gases. 


Oil. 


Water. 




3? 

n 
























a . 




• 








. S 




2 




ir from K 
Pressure 


• 


^ombustiu 
Chamber 


Tube 
Chamber 


1 


i 


• 

O 


• 

8 


Burned 
per hour. 


otal Weig 
Burned. 


Fed 
per hour. 


Otal Weig 
Fed. 




^ 




\mf 




PQ 










H 




H 




lbs. 










% 


% 


% 


lbs. 


lbs. 


lbs. 


lbs. 




0-73 


-0-15 


-015 i -0-25 


- 0-35 


• • 


• • 


m • 
















•78 


- 16 


- 15 


- -26 


- ^35 


6-6 


11-6 


0^2 


• ■ 


• ■ 


• • 


• • 




•73 


- -15 


- •IS 


- -25 


- -iO 


• • 


■ • 


• • 


• • 


• • 


• • 


• • 




•67 


- •IS 


- ^15 


- -25 


- -36 


6-4 


11 


•6 


• • 


• • 


• • 


• • 




•67 


- 15 


- •« 


- -25 


- -35 


• • 


■ • 


• • 


786 


786 


9,603 


9,603 




•79 


- -16 


- -15 


- -25 


- -36 


6^6 


10 


1-8 


• • 


• a 


■ • 


• • 




•79 


- 15 


- 15 


- -25 


- -35 


• • 


• • 


• • 


• • 


• • 


• • 


• • 




•73 


- -16 


- -15 1 - -26 


- ^36 


6^6 


10^2 


•9 


• • 


• • 


■ • 


• • 




•73 


- •IS 


- ^20 I - ^25 


- -36 


• • 


• • 


• ■ 


748 


1,634 


9,061 


18,664 




85 


- -15 


- -25 - -26 


- -36 


71 


9^6 


•6 


■ « 


• • 


• • 


• • 




•86 


- -15 


- -20 - ^25 


- -40 


• • 


• • 


• • 


• • 


• • 


• • 


• • 




•85 


- •le 


- ^20 - ^26 


- -35 


7-8 


9-6 


•6 


• • 


• • 


■ ■ 


• • 




•86 


- 15 


- -20 - -25 


- -36 


• • 


■ • 


• • 


769 


2,293 


9,637 


28,101 




•79 


- 15 


- -20 - -25 


- ^35 


7 


10-3 


•6 


• • 


• • 


• • 


• • 




•79 


- 15 


- ^20 - ^26 


- ^35 


• • 


• ■ 


• • 


• • 


• • 


• • 


• • 




•79 


- -15 


- ^20 ! - ^25 


- -35 


7-2 


93 


•9 


• • 


• ■ 


• • 


• • 




•79 


- 15 


- ^20 - ^25 


- ^35 


• • 


• • 


• • 


751 


8,044 


9,895 


37,996 




•79 


- ^15 


- ^20 - '25 


- -35 


7-6 


9^6 





• • 


• • 


• • 


• • 




•79 


- -16 


- -20 - ^25 


- 35 


• • 


• • 


• • 


• • 


• • 


• • 


• • 




•79 


- -15 


- -20 , - ^25 


- ^35 


7-8 


9^7 




• • 


• ■ 


• • 


• • 




•79 


- ^15 


- -20 


- ^25 


- ^35 


• • 


• • 


• • 


766 


3,809 


10,066 


48,062 




•79 


- -15 


- ^20 


- -25 


- -35 


7^4 


10*6 


•8 


• • 


• • 




• • 




•79 


- -16 


- -20 


- -26 


- •SB 


* • 


• • 


« • 


.. 1 


• ■ 


« • 




•79 


- -15 


- ^20 - ^25 


- -35 


7 


11^4 





■ • 


• • 


• • 


• • 




•79 


- •15 


- -20 1 - ^26 


- '35 


• • 


• • 


. . 


769 


4,678 


9,482 


67,644 




•79 


- 16 


- -20 1 - -26 


- -35 


7-8 


10-2 


•1 


■ • 


• • 


• • 


• • 




•79 


- 16 


- ^20 i - ^25 


- -36 


a • 


• • 


• • 


• • 


• • 


• • 


• • 




•79 


- •le 


- -20 


- ^25 


- '36 


7^6 


W5 


•2 


• • 


• • 


• • 


• • 




•79 


- -15 


- ^20 


- -25 


- •36 


• • 


• • 


• • 


773 


6,861 


10,378 


67,917 




•79 


- ^15 


- ^20 


- ^25 


- -35 


7^8 


9-9 


■2 


• • 


• • 


• • 


• • 




•79 


- -15 


- ^20 


- -25 


- -35 


• • 


• • 


• • 


• • 


• • 


• • 


• • 




•79 


- -15 


- -20 


- -26 


- -86 


7^8 


99 


•4 


• • 


■ • 


• • 


• • 




•79 


- -15 


- -20 


- ^26 


- ^36 


• • 


• • 


• • 


771 
766 


6,122 


10,083 


78,000 




•78 


- -15 

1 


1 

- 19 - -26 

1 


- -35 


7-24 


10^2 


•425 


• • 


9,750 


• • 



A Brown quick-reading pyrometer placed on the floor of the furnace with the platinum 
fully exposed to the direct radiations from the flames, registers 1,600* F. under the middle 
burners. At a point about 18 inches in front of the burner tip and 6 inches below its 
centre line the temperature is 1|960* F. The corresponding temperatures for the side 
burners are about 100* lower. The flames reach for the most part to the middle of the 
combustion chamber. Only rarely do flames penetrate the tube chamber. 

6.10 p.m. The smoke was very uniform throughout the test, and so slight as to be 
barely visible. There are three irregular patches of carbon deposit, one on each side 
wall of the furnace and one on tiie back wall. The largest one, on the right side, is dome- 
shaped, and fully 4 inches thick in the centre. 
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OIL FUEL. 



No. 3.— Test of Oil Fuel in a Hohenstbik Watee- 

[Endurance test of 116 hoars' duration 







Maximum and Minimum Values observed during 












each Watch. 








1 


1 


1 
. 1 fl 


Temperature. 


Root 
Blower. 








s 


& 


5 1 »4 . 

1 U 










Date. 


Watch. 


J^ 


"S . 




«4 




b 


u 










IS 


OQ 


^5 


ti 


•si 

r 

deg. 
F. 


o 


^ 


1. 


&^ 








OQ 

lbs. 


1^^ 

1 


o 

1 


g* Height of 
>> Gauge 


< 

i 

deg. 
F. 


^1 

1 

deg. 
F. 


1^ 

II 


Revolutions 
Minute. 


< 
lbs. 


- 






deg. 
F. 


deg. 
F. 




Monday, Aug. 4 


Noon to 4 p.m. 


276 


127 


0-986 


3^60 


93 


121 


668 


122 


98 


1-34 






, 


276 


117 


*984 


2 


88 


110 


650 


106 


85 


t<6 






4 p.m. to midnight 


276 


110 


•987 


4 


88 


124 


676 


126 


99 


140 








276 
275 


116 


•986 


2 


76 


110 
112 


668 
676 


110 


97 
98 


1^28 
1*34 




Tuesday, Aug. 5 ^ 


Midnight to 8 a.m. 


122 


•986 


3 


80 


112 








276 


117 


•986 


2 


70 


104 


672 


104 


90 


1^22 






8 a.m. to 4 p.m. 


275 


122 


•986 


3^26 


88 


120 


690 


122 


104 


1-34 






. 


275 


112 


•986 


2-60 


80 


108 


570 


108 


92 


T22 






4 p.m. to midnight 


276 


120 


•987 


2-76 


88 


120 


690 


122 


100 


1-34 








276 
276 


118 


•986 


2 
3 


80 
82 


116 
116 


686 
610 


118 


97 
104 


1-34 
1-40 




Wednesday, Aug. 6 


Midnight to 8 a.m. 


122 


•987 


lis 








266 


102 


•986 


2 


78 


104 


686 


107 


84 


122 






8 a.m. to 4 p.m. 


276 


120 


•987 


6 


96 


126 610 


122 


104 


1*34 








266 


102 


•986 


2^60 


73 


108 ; 666 


112 


91 


116 






4 p.m. to midnight 


275 


130 


•987 


3^60 


73 


112 


606 


118 


104 


1^4 








270 
270 


112 


•986 


2-60 
3 


72 
74 


104 
116 


666 
698 


106 


90 
100 


1-16 




Thursday, Aug. 7 . 


Midnight to 8 a.m. 


124 


•987 


114 


1*40 








270 


118 


•986 


2 


69 


107 


690 


110 


92 


1^22 






8 a.m. to 4 p.m. 


276 


128 


•987 


4 


90 


116 


600 


114 


100 


1-40 








270 


112 


•986 


2 


74 


108 


686 


108 


95 


1-22 






4 p.m. to midnight 


275 


124 


•986 


4 


81 


118 


695 


116 


100 


1-40 








270 
276 


110 


•986 


2 
3-76 


74 
74 


100 696 

1 


108 


97 
103 


1^34 




Friday, Aug. 8 


Midnight to 8 a.m. 


124 


•986 


106 


696 


108 


1*40 








266 


119 


•983 


1-60 


70 


98 


660 


101 


92 


1^34 






8 a.m. to 4 p.m. 


274 


128 


•986 


3^76 


88 


119 


626 


124 


96 


1*40 








272 


114 


•963 


1-60 


73 


101 1 665 


102 


92 


1-28 






4 p.m. to midnight 


274 


126 


•983 


2^60 


87 


121 1 606 


129 


102 


1-40 








271 
276 


116 
128 


•982 


1-76 
3 


74 
80 


111 686 
118 1 690 


110 


92 
96 


1-40 




Saturday. 


Midnight to 8 a.m. 


•982 


116 


1*40 




Average of Hourly 


. . 


273 
273 


120 


•962 


2 

1 
1 
• • 


74 
79 


103 j 690 
112 686 


106 


94 
96 


1-84 




119-4 


•966 


113-6 


1-31 




Obseryations. 








■ 




1 











E:ind of fuel, Beaumont oil. 



Draught openings into furnace, 848 square inches. 
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TUBE Marine Boilbb, Aagust 4 to 9, 1902. 
with natural draught, using air burners.] 



MuTjfnntn and Minimum 

Values observed dming each) 

Watch. 



Dranc^t Pressure in Inches 
of Water. 



0-26 
■ -16 

•20 
•16 



•20 
•18 



_ .' 



•18 
•16 

•18 
17 



•20 
•16 

•18 
•18 

•20 
•18 



d 

II 
i. 



S' 



-0-20 

- ^20 

- ^20 

- -20 



I 

6 

I 



0*30 
*20 

•80 
•26 



•26 
•20 



•26 
•20 

•26 
•22 



•28 
•26 

•28 
•22 

•28 
•28 



•20 
•18 

•18 
•16 

•20 
•16 



•26 
•28 

•26 
•28 

•26 
•28 



•20 
•20 

•20 
•18 

•19 
•16' 



•26 
•23 

•26 
•20 

•22 
•20 



•18 
•16 



•22 
•20 



- •I? - ^28 



•83 

•28 



•30 
•27 

•28 
•26 



•30 
•26 

•86 
•80 

•86 

•28 



•86 
•80 

•88 
•80 

•88 

•28 



• S 



0^40 
•86 

•40 
•30 



•40 
•33 



•88 
•86 

*86 
•33 



•40 
•38 

•40 
•36 

•46 
•40 



•46 

•40 

•43 
•40 

•40 
•86 



•86 

•28 

•88 
•26 

•81 
•28 



•80 
•80 



- •ao 



•46 
•40 

•40 
•86 

•4U 
•86 



•40 
•86 



- •SO 



I 

OQ 



-0^40 

- ^40 

- ^46 

- ^40 



•60 
•46 

•48 
•40 

•46 
•40 



- -60 

- ^46 

- •oO 

- -46 

- ^60 

- -4816 



•60 
•60 

•60 
•48 

•48 
•48 



•60 
•48 

•60 
•46 

•48 
•41 



•48 

•42 



- ^46 



Oil. 



s 

II 



n 



lbs. 

818 
8,270 

864 
6,912 

826 
6,608 

847 
6,778 

847 
6,772 



872 
6,974 87, 

848 
6,780 

888 
i,704 



887 
6,694 

886 
6,687 

820 
6,669 



819 
6,661 

816 



809 
6,462 



782 
6,262 

882 



% 






& 



lbs. 

3,270 

10,182 



16,790 
23,'668 
30,'886 



,809 
44,'(i69 
60,798 



67,487 
64,174 
70,788 



77,284 
6,629 88,818 
90,266 



96,617 



Water. 



tA 









lbs. 

9,942 
89,769 

10,680 
84,688 



10,188 
81,064 

10,620 
84,166 

10,618 
84,148 



10,667 
86,263 

10,487 
88,496 

10,266 
82,044 



10,261 
82,007 

10,414 
88,816 

10,140 
81,119 



10,151 
81,204 

10,127 
81,018 

10,146 
81,163 



9,762 
78,094 



10,280 



I 

•mm 

I 



lbs. 
89,769 
I24V407 



206,471 
289,(927 
873,776 



469,028 
642V628 
624V667 



706,674 
789V889 
871,008 



962,212 
1,088,226 
1,1147888 



1,192,482 



Fine Oases. 



I 
I 

% 



B 



P.M. 

1.46 
2 



A.M. 

8.46 
9.16 



9.30 
10 



10.80 
10.46 



9.80 
10 



Aver^ 
age. 



7^4 
7^4 



7^6 
7^6 



7^8 
7-8 



7-9 
7^8 



7-8 
7-8 



7*68 



10^8 
W7 



10^8 
10^2 



Wl 
10 



W8 
10^1 



9-7 
9-8 



10-26 



8 



0*1 




•8 

•1 








•06 



• 




•c 




i 




•«3 




<• 


»4 


& 


1 


rome 
atch. 


1 


&^ 


"S 


*j 


3 





1 


» 




4) 




» 




ins. 




29*99 






Clear. 


29-82 









80*08 


Clear. 


80*00 
29*76 


Cloudy ; 
thunder- 
storm. 


29-87 


Bain. 


29*86 


Thunder- 
storm. 


29*69 




29^89 




29^98 


Clear 
and cool. 


29^77 




2989 




29-91 
29-81 


Clear; 

then 

partly 

cloudy. 


8006 


Partty 
cloudy. 


2989 



— Trst or Oil Fuel ik a. Hohknbthh 
[Six hoiira' dimtion with Dstnral 







"Ss- 


302" 


1 


II 
II 


TempMMn™. 






i 


k 
< 


1 






1.110 pm. . 


MB 


0-98S 


ft 


'V 


V- 


leg. F 


de». F. 




l.*S p.m 




£76 


ISO 


380 


B04 


■saa 


27S 


77 


05 








Sp.in.. 








330 


S06 




2^TB 




08 




440 




t.lKp.m 




«!S 


izo 


38B 


soe 


-M2 


8-0 


T7 


98 








£.30 p.m 






lU 


880 


SOS 


■9M 






B8 








S.4Sp.m 




m 


lis 


380 


see 


'MS 


8-3 


70 


m 








8p.DI.. 




m 


iw 


380 


308 


■Wi 


875 


79 


100 








S.IB p.m 




E76 


137 


3BB 


308 


■998 


2-75 


77 


m 








8.Sop.m 




m 


140 


MS 




'9»8 




78 














tTK 


1S8 


3B6 


3oa 


-9S2 


£-75 


77 


9ft 








4p.in.. 












'080 




77 


90 








4.16 p jn 




S76 


130 


380 


303 


-esB 


3 


77 


100 








4.80 p.m 








BSO 


SU3 




















876 


m 


3S0 


soe 


■Ml 


2-6 


78 


M 




460 


































S76 




sso 


SOB 


■B02 






W 








6^ p.m 




£76 


120 


380 


3DB 


■9K 


2-6 


74 


m 








6.16 p.m 




876 




380 


806 


■Wl 


2^5 


74 


98 








B p.m. . 




276 


130 " 


880 


300 


-Ml 


2-6 


73 


90 


72 






e.l6p.m 








384 


800 


■ew 


2-6 


72 


98 








8.S0p.m 




276 


120 


384 


300 


■«01 


2-6 


70 


97 








8.Mp.m 








KM 




■Ml 


2-5 
















876 


122 


SB4 


300 


-Ml 


£-6 


70 


94 


71 






7.16 p.m 




276 


124 


384 


soe 


■Ml 


8-5 


70 


94 








7.S0p.m 




216 


120 


SBS 


300 


■MI 


£■6 


68 


98 








Avme 




'^ 


127 






-Ml 




76 


98 


7i 


440 





SUM o( wMtber, partly cloudy. 
Bwomater X noon, SO-IB iDches. 
KtDd ot lusl, BMumont oil. 
Branght optnlng Into Curoiice, 180 iqui 
Preifliira lu ofl-^pe air chunber, SO'8 II 
Tempcntnn om On'room platform, i 



'erase 186' T,, m-rimnm ITO* t. 
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Water-tube Marine Boiler, September 12, 1902. 





arai 


iignt, using ••! 


layes " 


steam b 


linn 


jrsj. 


















Pressure of Hteatn used 
in SDrayinir Oil. 


Draught pressures in : 
of Water. 


[nches 


Flue Gases. 


Oil 
burned. 


Steam used 
by Burners. 


Feed Water. 




1 


Combustion 
Chamber. 




Base of 
Stack. 


i 

X 

6-6 


6 


8 

X 

0-2 


• 

o 

lbs. 



• 

3 


• 

M 


i 


1 


s 




lbs. 
30 


-0-20 


-0-20 


-0-20 


-0-32 


X 
12-7 


lU. 




lbs. 



lbs. 



lbs. 



lbs. 





80 


-. 20 


- -20 


- -20 


- -38 


• • 


• • 


• • 


• • 


• • 


• ■ 


• • 


• • 


• • 




32 


- -18 


- -20 


- -20 


- -36 


4-8 


18-7 


•3 


• • 


« • 


• • 


• • 


• • 


• • 




32 


- -19 


- -20 


- -22 


- -33 


* • 


• • 


• • 


■ • 


• • 


•• 


• • 


• • 


• • 




32 


- -20 


- '20 


- -20 


- -32 


• • 


• • 


• • 


672 


672 


466 


466 


6,702 


6,702 




33 


- -18 


- -20 


- -22 


- -38 


• • 


• • 


■ ■ 


• • 


• • 


• * 


• • 


• • 


• • 




33 


- -21 


- -20 


- -20 


- -38 


• • 


• • 


■ • 


• • 


• • 


• • 


• ■ 


• • 


• • 




32 


- -20 


- -20 


- -20 


- -38 


• • 


• • 


• • 


• • 


• • 


• • 


• • 


■ • 


• • 




32 


- -20 


- -20 


- -20 


- -88 


• • 


• • 


• • 


601 


1,173 


402 


868 


7,311 


14,013 




32 


- -20 


- -20 


- -20 


- -35 


• • 


■ • 




• a 


• • 


• • 


• • 


■ • 


• • 




30 


- -20 


- -20 


- -20 


- -36 


• ■ 


• • 




• • 


• ■ 


• • 


• • 


■ • 


■ • 




31 


- -20 


- -20 


- -20 


- -35 


• • 


• • 




• • 


• • 


• • 


• ■ 


• • 


• • 




32 


- -20 


- -20 


- -20 


- -88 


• • 


• • 




602 


1,776 


663 


1,311 


7,241 


21,264 




32 


- -20 


- -20 


- -20 


- -40 


6 


12*8 


•3 


• • 


• • 


• • 


• • 


• • 


m m 




32 


- -20 


- -20 


- -20 


~ -38 




• • 




• • 


• • 


• • 


• • 


• • 


• • 




32 


- -20 


- -20 


- -20 


- -88 


5-6 


13 


•8 


• • 


• ■ 


• • 


■ ■ 


• • 


• • 




32 


- -21 


- -21 


- -21 


- -40 


• • 


• • 




590 


2,366 


469 


1,770 


7,480 


28,784 




32 


- -22 


- -21 


- -21 


- '40 


• • 


• • 




• • 


■ • 


• • 


• • 


• • 


• • 




82 


- -22 


- -21 


- -21 


- -40 


• ■ 


• • 




• • 


• • 


• • 


• • 


■ ■ 


• • 




32 


- '22 


- -21 


- -21 


- -40 


• ■ 


■ • 




■ • 


• • 


• • 


• • 


■ ■ 


• ■ 




82 


- -22 


- -21 


- -21 


- -40 


• • 


• • 




639 


3,004 


296 


2,066 


7,691 


86,426 




82 


- -22 


- -21 


- -21 


- -41 


• • 


• • 




■ • 


• • 


• • 


• • 


• • 


« • 




32 


- -22 


- -21 


- -21 


- -41 


• • 


• • 




• • 


• • 


• • 


• • 


• • 


■ • 




32 


- -22 


- -21 


- -21 


- 41 


• • 


• • 




• • 


• » 


• • 


• • 


■ • 


• • 




32 


- '22 


- -21 


- -21 


- -41 


• • 

5-5 


• • 




696 
600 


8,600 


469 


2,624 


7,836 


48,761 


• 


32 


- -205 


- -204 


- -206 


- -38 


13-06 


•27 


• • 


421 


• • 


7,294 


• • 



10.30 a.m. Started flres. The boilers were under steam yesterday and the water is already 
quite warm. 

12.30 to 1.30 p.m. Data taken during this period shows about the same evaporative capacity 
as during the succeeding six hours. The smoke ranged from i to 1. Average, |, by Ringle- 
mann charts. A few ounces of carbon was deposited near the right-hand burner orifice. The 
burners made comparatively little noise, probably not more than a quarter as much as the 
compressed-air buruers used in the precedins eight tests ; but on the other hand, the flames 
were longer, reaching well into the tube chamber. 

10 
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OIL FUEL, 



No. 5.— Test of Oil Fubl in a Hohenstkin Water- 



[Eight hours' duration with natural 



Time. 




10.80 a.m. 
10.46 a.m. 

11 a.m. 
11.16 a.m. 
11.30 a.m. 
11.46 a.m. 

12 m. . 
12.16 p.m. 
12.30 p.m. 
12.46 p.m. 

1 p.m. . 
1.16 p.m. 
1.30 p.m. 
1.46 p.m. 

2 p.m. . 
2.16 p.m. 
2.30 p.m. 
2.46 p.m. 

3 p.m. . 
3.16 p.m. 
3.30 p.m. 
3.46 p.m. 

4 p.m. . 
4.16 p.m. 
4.30 p.m. 
4.46 p.m. 
6 p.m. . 
6.16 p.m. 
6.30 p.m. 
6.46 p.m. 
6 p.m. . 
6.16 p.m. 
6.30 p.m. 



Average . 



lbs. 

276 

276 

276 

276 

276 

276 

276 

275 

276 

275 

276 

276 

276 

276 

276 

276 

270 

276 

275 

275 

275 

276 

276 

275 

274 

274 

276 

276 

274 

274 

274 

274 

275 



H 



274-6 



deg. F. 
118 
120 
118 
118 
116 
118 
116 
116 
118 
110 
112 
118 
120 
120 
120 
118 
118 
118 
120 
122 
120 
120 
122 
118 
118 
118 
118 
120 
120 
120 
120 
118 
120 



Calorimeter. 



118-3 



• 

9 


• 




i1 


14 


•^ 


Higher 
emperatu 


Lower 
emperatu 


Quality o 
Steam. 


H 


EH 




deg. F. 


deg. F. 




380 


308 


0-994 


380 


308 


•QOi. 


380 


308 


•994 


380 


808 


•994 


380 


808 


•994 


380 


309 


•996 


380 


810 


•996 


380 


310 


•995 


382 


310 


•995 


380 


310 


•996 


380 


810 


•996 


880 


310 


•996 


380 


810 


•995 


384 


810 


•994 


384 


810 


•994 


384 


810 


•994 


884 


310 


•994 


384 


310 


•994 


384 


310 


•994 


384 


310 


•994 


384 


310 


•994 


384 


310 


•994 


384 


310 


•994 


384 


310 


•994 


384 


810 


•994 


880 


810 


•995 


380 


810 


•996 


880 


310 


•995 


380 


310 


•995 


380 


310 


•995 


380 


310 


•996 


380 


310 


•995 


860 


808 


1-001 


• • 


. . 


•996 



a 




Temperature. 


u 
















• 

1 


fl 




H 


s 


< 


t3 •^ 


ins. 


deg. F. 


deg. F. 


deg. F. 


2^76 


62 


90 


• ■ 


2^75 


63 


91 


• • 


2-75 


64 


90 


68 


2*60 


64 


90 


• ■ 


2-60 


66 


91 


• • 


2-60 


66 


92 


• • 


2^60 


67 


99 


68 


3 


67 


99 


• • 


2^60 


68 


100 


• • 


2^60 


68 


101 


• • 


2-60 


69 


100 


68 


2^60 


70 


100 


• • 


2^60 


71 


100 


• • 


8 


71 


96 


• • 


3 


71 


98 


68 


3 


70 


98 


• • 


2^60 


70 


96 


• • 


2-60 


70 


96 


• • 


2^50 


70 


94 


68 


2-50 


71 


100 


• • 


2^60 


71 


100 


• • 


2^50 


70 


98 


• • 


3 


70 


94 


68 


2-60 


70 


98 


• • 


2-60 


70 


102 


• • 


2-50 


70 


110 


• • 


2^60 


70 


106 


68 


2^60 


70 


104 


• • 


2*60 


70 


104 


• • 


2^60 


70 


100 


• • 


2-50 


70 


100 


69 


2^60 


70 


1U4 


• • 


2-76 


70 


99 


• • 


• • 


69 


98 


68^1 



State of weather, thin clouds. 

Barometer at noon, 80^20 inches. 

Kind of fuel, Beaumont oil. 

Draught opening into furnace, 600 square inches. 

Pressure in oil-pipe air chamber, 20 pounds. 

Temperature over fire-room platform, average ITT F., maximum 184* F. 

Temperature of superheated steam for burners, 444*4* F. 



deg. F. 
600 



606 



600 



606 



680 



576 



596 



610 



696 
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TUBE Marine Boiler, September 19, 1902. 
draught, using steam burners.] 





^ sS 


Draught Pressures in Inches 
of Water. 


Flue Gases. 


Oil 
burned. 


Steam 

used by 

Burners. 


Feed Water. 




tean 
ngO 














































isure of S 
in Sprayi 


• 


mbustion 
hamber. 


Tube 
hamber. 


Base of 
Stack. 


• 

i 


• 

O 


d 


• 

1 


Total. 


i 


• 

1 


1 


• 


Pre« 




S" 


o 




% 


X 




lbs. 




lbs. 




P4 






lbs. 










X 


lbs. 


lbs. 


lbs. 


lbs. 




28 


-0*20 


-0-16 


-0-20 


-0-60 




m • 
























29 


- -18 


- -18 


- -20 


- -60 


7 


10-6 





• • 


• • 


• • 


• • 


• • 


• • 




30 


- -20 


- -20 


- -20 


- -60 




• • 




• • 


• • 


• • 


« • 


• • 


• • 




80 


- -20 


- -20 


- -30 


- -60 


^ ^ 


• • 




• • 


• • 


• • 


• • 


• • 


• • 




30 


- -20 


- -20 


- -30 


- -60 


, , 


• • 




988 


983 


476 


476 


11,181 


11,181 




29 


- -20 


- -20 


- -30 


- -80 


71 


11-1 





• • 


a • 


• • 


• • 


• • 


• • 




30 


- -20 


- -20 


- -30 


- -60 


• • 


■ • 




• • 


• • 


• • 


• • 


• ■ 


• • 




30 


- -20 


- -20 


- -30 


- -60 


« • 


• • 




• • 


• • 


• • 


• • 


• • 


• • 




31 


- '20 


- -20 


- -30 


- -60 


• • 


• • 




968 


1,961 


366 


840 


11,148 


22,824 




30 


- -20 


- -20 


- -30 


- -60 


7 


11-2 


• ^ 


• • 


• • 


• • 


• ■ 


• • 


• • 




80 


- -20 


- -20 


- -30 


- -60 


• • 


■ • 




• • 


• • 


• • 


• • 


• • 


• • 




30 


- -20 


- -20 


- -30 


- -eo 


• • 


• • 




• • 


• • 


• • 


• • 


• • 


• • 




30 


- -20 


- '20 


- -30 


- -60 , .. 


• • 




934 


2,886 


423 


1,263 


11,222 


38,646 




30 


- -20 


- -20 


- -30 


- -60 7 


HI 





• • 


• ■ 


• • 


• • 


• • 


• • 




30 


- -20 


- -20 


- -30 


- -60 


• • 


• • 




• • 


• • 


• • 


• • 


• • 


• • 




30 


- -20 


- -20 


- -30 


- -60 


• • 


■ • 




• • 


« • 


• • 


• • 


• • 


• • 




30 


- -.0 


- -20 


- -30 


- -60 


• ■ 




916 


3,800 


326 


1,689 


10,661 


44,097 




28 


- -20 


- -20 


- -30 


- -60 6-6 


11-2 





• • 


• • 


• • 


• • 


• ■ 


• • 




28 


- -20 


- -20 


- -30 


- -60 . .. 


• • 




• • 


• • 


• • 


• • 


• • • ■ 




28 


- -20 


- -20 


- -30 


- -60 


• • 


• • 




• • 


• • 


• • 


• • 


■ • 


• • 




28 


- -20 


- -20 


- -30 


- -60 


• • 


• • 




851 


4,661 


399 


1,988 


10,287 


64,384 




28 


- -20 


- -20 


- -30 


- -60 6-6 


11-8 





^ ^ 


• • 


• • 


• • 


• • 


• • 




28 


- -20 


- -20 


- -30 


- -60 


• • 




• • 


■ • 


• • 


• • 


• • 


• • 




30 


- -20 


- -20 


- -30 


- -60 


• • 




• • 


« • 


• • 


• • 


• • 


• • 




30 


- -20 I- -20 


- -30 


- -56 .. 


• • 




826 


6,477 


479 


2,467 


9,783 


64,117 




82 


- -22 1- -22 


- -25 


- -60 ' 7*4 


10-8 





■ • 


• • 


• • 


• • 


• ■ 


■ • 




32 


- -22 


- -22 


- -26 


- -60 .. 


• • 




• • 


• ■ 


• • 


• • 


• • 


• • 




32 


- -22 


- -22 


- -25 


- -60 


■ • 




• • 


• • 


• • 


• ■ 


• • 


• • 




32 


- -22 


- -22 


- -26 


- -60 


• • 




970 


6,447 


462 


2,919 


11,071 


76,188 




32 


- -21 


- -21 


- -26 


- -58 7-2 


10-6 





• ■ 


■ • 


• • 


• • 


• • 


• • 




32 


- 21 


- -20 


- -26 


- -68 


• • 




• • 


• • 


* • 


• ■ 


• • 


• ■ 




31 


- -20 


- -20 


- -28 


- -68 


• • 




• • 


• • 


• ■ 


• • 


• • 


• • 




29 


- -20 


- -20 


- -28 


- -68 

1 


! " 

6-99 


• • 




913 
920 


7,860 


493 


3,412 


10,603 


86,791 




29-9 


- -202 


- -201 


- -281 


1 
- -696 


11-06 


•018 


• • 


427 

1 


.. ,10,724 



The angular setting of the side burners is changed so as to direct their flames more toward 
the centre of the furnace. Heretofore the side walls of the furnace have absorbed an undue 
amount of heat, as shown by their glow after extinguishing the burners. 

Curved sheet-iron deflectors have been placed in what were formerly the ash pit openings, 
so as to direct the entering air upward at an angle against the flames. 

The smoke averages about 1, the maximum being ^, by Bingelmann charts. 

A disk of carbon 9 inches in diameter was deposited on the back wall opposite the centre 
burners. 

The burners make much less noise than those made by the same builders using air. 



ir Fetrolecji in tub Chief Oil Pkoducing Couktbies. 
t7aiUd States. (In Tliousand!> of Barrels. ) 









West 
Vlrgmlft, 








Toul 


Ytan. 


»„'"i*. 










other Fi«ias. 


ISflO 


600 














1H70 


6,281 












5,261 




8,788 












12,183 


1880 


26,028 




179 


41 






28,286 




20,778 


662 


91 


325 






21,869 


ISStI 


25,798 


1,783 


102 


377 






28,084 


1HB7 


22,356 


5,023 


145 


679 






28,283 


IfiflS 


16,480 


10,010 


119 


690 






27,612 


IHHfl 


21,187 


12,471 


544 


303 


33 




35,164 


18S0 


28,458 


16,125 


493 


307 


83 




46,824 


1891 


33,009 


17,740 


2,406 


824 






54,293 


1S02 


28,422 


16,363 


3.810 


385 






50,610 


1893 


20.315 


18,250 


8,446 


470 2 








mi 


19,020 




8,578 


706 S 


«NH 




49,346 


IflBB 


19,144 


12,545 


8,120 


1,208 4 


388 




52,892 




20,68* 


23,941 


10,020 


1,253 4 




1 


80,960 


1897 


19,262 


21,681 


13,090 


1.903 i 


122 


66 


60,476 


1898 


15,948 


18.739 


13,651 


2,267 i 


7;ii 


548 


65,864 


1899 


14,375 


21,142 


13,911 


2,642 S 


848 


689 


67,071 


IflOO 


14,B59 


22,383 


16,196 


4,099 i 


874 


838 


83,382 


1B01 














89,389 


1802 














84,250 







Hmnberot 




















1894 


297,661,021 


632 


6r.9,306 


1896 


877,428,620 


804 


624,879 


1898 


388,284,782 


736 


626,630 


1897 


422,658,213 


904 




1898 


485,913,348 


1,107 


488,973 








387,065 




900,763,812 


1,710 


861,323 


1901 


608,500,000 


1,S21 


318.270 


1902 


682,700,000 




285,777 


1903 


697,000.000 


1,877 


318,060 



* Id round figures 62 poi>ds = l tou. 





(TbooUDd Osllani.) 




4,132 
S,EIi4'B 


\m 




























18B6 




190a 


66,658 



j.p»5, . . 

CaoBda, . 







INDEX. 



Admiralty and oil fuel, 73. 
Air-supply in oil fuel furnaces, 22. 

heating, for burner, 98. 
Algeria, fuel oil of, 6. 
Assaying, oil fuel in, 132. 
Atomising the oil, steam required for, 

102. 
Austrian State Railways, liquid fuel 

on, 48. 

Balek-Pappan, oil of, 16. 
Beaumont oil, sulphur in, 16. 

used for U.S. navy tests, 99. 
Bertin, on oil fuel for naval purposes, 

79. 
Borneo oil, supply, 4. 

chemical composition of, 14, 16 
et seq, 

evaporative efficiency of, 12. 

heat balance-sheet of, 26. 
Bunkering with oil at sea, 75. 
Burmah fields, the, 6. 
Burners, oil-fuel — Audouin, 30. 

Aydon and Selwyn, 33. 

Aydon, Wise, and Field, 30, 33. 

Best, 112. 

Brandt, 32. 

D'Allest, 41. 

Dorsett and Blythe, 34. 

Grundell-Tucker, 92. 

Guyot, 78. 

Hayes, 100. 

Holden, 46. 

Eermode, 50. 

Korting, 32, 37, 51. 

Lenz, 36. 

Oil City Boiler Works, 98. 

Orde, 52. 

Rusden and Eeles, 51. 



Burners, oil-fuel — Swensson, 52. 
Urquhart, 38. 
relative value of, 98. 
Burning oil fuel, systems of — Diirr, 
62. 
Ellis and Eaves, 68. 
Meyer, 62. 
Wolff, 60. 
in furnaces, conditions of, 27. 

California, fuel oil of, 5. 

Calorific value of liquid and solid 
fuels, 25. 

Canada, fuel oil in, 6 

Carriage of oil fuel, 111. 

Change from coal to oil, on steamers, 
72. 

Chemical composition of oils, 14. 

Coal, composition, calorific value, and 
evaporative power, 19. 
tar used as fuel, 109. 
use of, on S.S. Coivrie, 59 ; on 
King Charles /., 61 ; Mari- 
posa, 89. 

Combustion in oil-fuel furnaces, con- 
ditions of, 28. 
of hydrocarbon vapours, 25. 

Commercial aspects of oil fuel on 
steamers, 83. 

Conclusions arrived at by U.S. Navy 
Board, 104. 

Crucible furnace, oil-fuel, 125, 133. 

Danger of not closing air- valves, 61. 
Difficulties of successfully using oil 

fuel on warships, 82 
Distillation of fuel oil, 24. 
Domestic purposes, oil fuel for, 234. 
Dredger, oil fuel on, 132. 
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EcoNOMio aspect of liquid fuel, 8. 
Economy of oil oyer coal on Rou- 
manian steamer, 62. 
Efficiency of oil-fuel burner, 83. 
Engines, fitting for oil fuel, 111. 
Evaporative efficiency of coal and 

petroleum, 79. 
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** Thb 11069 T4MIABLB WORE CD BoUen puNinhed in EnKinnd "^^htpjHvu IVotltt 

"Oontains an EifORMOUS Qdaktitt of Ikpormation MrrrKiiirtxl in m v> ry ronvHiit'Bt form. * ^ 
A MOST U8BVUL TOLDMB . . . suppijiuR hrdmmtiuii to be hM<l iiowlieiu else."— riM; Uitgtnerr. 



Fourth J mpreffsion. Large Crown bvo. With numerous lllubtratioDa. 6s«> 

ENGINE-ROOM PRACTICE : 

A Handbook for Engineers and Officers in the Royal Navj 

and Mercantile Marine, Including the Management 

of the Main and Auxiliary Engines on 

Board Ship. 

By JOHN G. LTVERSIUGE, Exginkkh R.W, A.M.L0.E> 

ComtenU.—Qeneni DeBcHpHon of Marine Miu^hluery — Tiit> Conriitiou?* ot SHrvi' e and 
DntleB of Engineers of the Uo>a' Navy ~£n^ry ai <i i'uniUti'»n»> of na' vice o' K'itrin< er-* of 
the Leading 8.S. ConipaDi(>8.— llai.-.lns; --le m— i>utieH oi a Steiiii{n» Watch on KnKinee 
and Boilers.— Sbatting off St^^a a — HHrhour Dutie<> au ) Watflies.— A«ijustmenti« and 
Bepairi of Engines.— PreMervatit/n tnd R 'pairs of -*Tank * H iMrt. The »4»li ami its 
FittingB.— Cleaning and PatntiHij Mach nnn. — ileuipr<>caMti){ I'uinpH, Fenii flHxtfrs, Aod 
Antomatic Feed -Water Ilegulators. — Evapontors. — St* am kohh. — Eectru* LighV 
liachinery.— Hydraalie Machinery. -^Air-CurapreHHing Pump- Reftijerati'ig 'Mai^htmM. 
— ^Machinery of DeBtroyerB.~The Manageni'Ut of Wat«r tub> B<>ilern.> Ke>riilanouB for 
Entry of AssiBtant Engineers, B.N.— Qae^tiouR given iu Kxanii nation'* for Piumoti«B of 
Bngliieers. B.K.— Regulations re^^pectintr Board or Tra>1e F.xMiniuanon't for k.u^iiieer8. Aa 

" The contents cannot pail to bb APPRKriATsn * Ike ste nunhtf 

**ThiB VBBT nSKrUL BOOK. . . . 1 1 LOHTKATIOVS are « f UKKAT IMPOKTANCR In a WOfl^ 

of this kind, and it is (satisfactory to find that spkcial ATTK^TloN has b«;eo niven In tbio* 
reBp6et.**—J5'fi0rii«eer«' Oatette. 



Just Out. In Large Crown 8vo, Cloth. Fully Illustrated. 5s, net^ 

o 1 1:. F u c: x^: 

ITS SUPPLY, COMPOSITION, AND APPLICATION. 

By SIDNEY H. NORTH. 

LATE EDITOR OP THE "PETROLEUM REVIEW." 

Contents.— The Sources of Supply.— Economic Aspect of Liquid Fuel.— Chemicir 
Composition of Fuel Oils —Conditions of Combustion in Oil Fuel Fnnmces.— Early 
Methods and Experiments.— Modern Purners and Methods.— Oil Fuel for Mnrine Pnr' 
poses.— For Naval Purposes— On Locomotives.- For Metallurgical and other Purpotes- 
— Appendices. -Index. 

LONDON: CHARLES 6R.FFIN & CO., LIM.TED. EXETER STREET, STRA^W). 



jlp OHARLM8 ORIFFiN S eO.'S PUBLICATIONS. 

Siooxn> Edition, ReviMd. With aiUMroiui Plates reduced from 
Working Dcawinga wd 280 lUuBtratkoi in the Text. die. 

A MANUAL, OF 

LOCOMOTIVE ENGINEERING: 

A Praetieal Text-Book for tite Use of Ensrlne' BWOMti 

De^gners and Dnraghtsmen, RaliWiQr 

Engineers, and Students. 

WILLIAII FRANK PETTIGREW, ILInwt.CE. 

With a Seotton an Amerioan and GontitMoital Engines. 

By albert p. RAVENSHEAR, RSc., 

Of Hia Majesty't Psatent Offloe. 

OMimlf . — BIstoHoal Introduotion, 1768-1868. — Modom LooouoflVM : Sitnplo.— 
Modem LooomeMvM: Gonipound. FiiinMry Coinrid^rMtaii in LoeooMthpeDMigii.— 
C^iindMB, Bteftin Ohesta, and Stuffing Boxes.^Pistotia, PlHton RodBt OrowAieMla, Mid 
8ude Bars.—Conoecting and Conplinfc Borti*.— Wueels and Azlea, Axle Boxes, Horobloeki^ 
end Bearing SpringB.—BalaocinK.— Valve Qe»r.> Slide Valves and Valve Qear Details.— 
VrantlDg, bogies and Axle Trucks, Badial Axle Boxes.— Boiters.~4iBiokelx«. Blast Pipe, 
Firebox Fittings.— Boiler MoaoUngs.— Tenders. Jiailwi.y Brakea.— Lubrication.- Con- 
easnptloii of Fart, Evaporation and Eoirine hfficiency.— American Locomotives —Con- 
tlDsntai Looomottvas.— Bepairs, Bnnning, inspection, and Bonewals.«-Three Appendicea. 



*' Likely to remain for many years the STAxnaxn Wobk for those wishing to leant 

** A moat interesting and vataabla adO&lsn to the talbliognq>h^ otthe Locomottve.**— 
iMiwap Ofietai Gatette. 

** We recommend the book as TBOKornHLT PKACnoAL in its character, and mcsmve ▲ 
nAOB IV Airr oollbction of . . . works on Locomotive Bngineerlng.**^— Aai/way Htkn, 

**The work oovTAiire all that cam bb LKAairr from a book apon sodh a subject. It 
friBM onea rankaanui aTAMOABo w<»k uroa TiuaaiiFoaDam 8»bmeov**'— Aa^JMoy itef ostea. 
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AJGorpeSve. ffandaome Olotk. WUh Plai€§^»nd lUuUtmihns. Ifie. 

AT HOME AND ABROAD. 
Bir WILLIAM HENDRY COLE, StlNsa^aE^ 

Liitef»epoty«MeeBffer, Nerdi- Western HaiHnqr, JoMu 

^Vontmts.—'DuKmamoji of the Term '*Li^ht Railwaank"*— Englieh Reawasra^ 
Rates, and Farmers. — Light Railways in Belgium, France, Italv. other 
European Countries, Amerioa and the Colonies, India. Ireland.— Rciad Trans- 
port as an alternative.— The Light Railways Act, 1896.— The Queetion off 
Gauge. — Construction and Working. — Locomotives and Rollinz-Stock.— Light 
Railways in England, Scotland, and Wales.— Appendices and Index. 

*'Mr. W. H. Oole has brought together ... a labos amoitht erf valimblii olvoBMa- 
txov . . . hitherto practically Inaccessible to th(^ ordinary reader.**— nmex. 

** Will remain, for some time yet a SrANOABO Woaa in everything relating to Light 
Bailways.*'— AnfriMM*. 

** The aathor has extended praetieal experience that makes thrbook Inoid and osefaL 
ItiaBXcacoHiOLT well A<Hie."^BnffintitriMg. 

** The whole subject Is bxhaustivblt and PBAcnoALLT connidered. The workoaDiM 
oordiallyreoommended as inpispbhsablb to thote wnose duty It is to become iioqnainted 
wiiboee of the prime necessities of the immediate future *'— Aatoffoy OiMtU O^mtU*. 

**ThBBB COULD bb BO BBTTBB BOOK Of first reference on its sabject. hM e l se ae s *of 
Bagineera will welcome itn appearance." — Seottmm^. 

tONDOH : GHAfilES GRIFFIN & CO.. LiMliED. LX£TER STREET. STIMIft. 
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JlsusaDH EtuiMON, Thoroughly Revised, and Greatly. £nliu;^(L 
With Numerom Illuitrationa, Price 10s. 6cL 

VilLVES AND VALVE-GEARING: 

A PRACTICAL TEXT-BOOK FOR THE USE OP 
£af GINEBRS, DRAUCmrSMEN, AVD 8 fUBEI^TS. 

.Biz CHARLES HURST,, Practical Draughtsman. 

PART l.-^tmmtn Bnslne Vjaives. 
^ART ILv-Ctas Bn^pine Values aAd Oears. 
PART III.— Aip Comppessop Valjrem and Oeapinff. 
PART IV.-Pump Valves. 

"Mft. HvsBTB vAitVUt '•Dd VALVB-oSABivo wiH pmve « ve»y vakttbto ftM, ami tend to the 
pvodaction of Biiid«4W'vr80iB»Ttric oum.v «ud ■co»omi€»l w^agma. . • . Wi.i b« larsely 
■ought after bj Btudeuto Hud Imsiinivn."— il/a>-<«e lE>'ntfMMcr. 

■ ^^"AlmuM KVKBT TTPtt of VAkVit «oa its gtsiinuK IB i*lMir|y Mt f6rth. nod lltnitnited In 
mehft w«vM 10 be fi«4MLT uvukiism< u4nd f>itAcncAU.T aphubd by either «be Kn gtlu t e r, 
Dranghumaii. or Studeot. . . . >bniilil {N*ove bulb UBKruLftudVAUueui-tfe ell Kn^aaeni 
■eetalng for bblublb sod olbar iiifonneticm on toe MUbjeoi. lte-iiiode«iiUi.|irieebraisih 



Hints on Steam Engine Design and Constmotion. By Charles 
liuRST, •* Author of Valve* aiil Valve (iearing. * {Secdnd Edition, 
Eevised. in Paper Boards, 8vo., Cloth Back. lUustruted. Price 
Is. 6d. net. 

CoN'Tittrre.^1. Sieam Pipes —1 1. ValvcR.-IIL C\l'n«1era.— IV. Air Pttt'P" an'l Con- 
deiiBere. V. M»t{un Work.— VI. C'EDv ShnU» and Pede8Ut8.->Vll. Va.ve Ueur.-Vill. 
LabilcatioD.— IX Miacel aneuu^ Deutils — Jnubx. 

'*A riaody voluuiO^hiebevory practletf) youag engineer shMrfd i osneea.**— 774€ J/ecM 



Strongly Bound in Sn])er Royal 8vo. Cloth Boards. Ts. Gd. net. 



For Caletilattng Wages on the Bonus or Premium syst&ms. 

for £ngi fleering, TechniccU and Allied 7iad68» 
By henry a. GOLDING, A.M Ixst.M.E:, 

Technical AraistAiit to Me8«rs. Prynn l>(tnkln and Cleiuh. Lt<l., and AssiKtant L^tnrer 
In Meclianh'Ht £iiirhi«t>rrrHr at tlie NortiiH»n|itmi Itnt.tnt«. LinuUMi. EC 

"Cannot fati to proTe practically serviceable to thobe fur whom tlicy lutve been 
4tB\gaed."—Scot»mttn. 



Srcond Edition, Cloih, 8s. 6d. leather, for the Pocket, 8r. 6d. 

OBIFFIN'S ELECTBICAL PRICE-BOOK : For Electrical, Civil, 
Marine, and Borough hns^ineers, Local Authorities, Architects, Railway 
Contractors, &c., &c. Edited by H. J. Dowsing. 

'* The £i.BCTBfCAL Pkic8*Book bkmovbs ai l mvstrrv about the cost of Elcctriral 
Power. By its aid the kxhrnbb that will be entailed by utilising electricity on a- large !•! 
email scale can be iivicovered.'*^d4tcAitect. 

IDMOaN: CHAALE8 GRIFFIN & CO.. lIMiltO. EXtiTER STREET. STRAN& 



3» CHARLES QRIFFIN Jb CO.'S PUBLICATIONS. 

Large 8vo, Handsome Cloth. With IllnstratioiiB, Tables, ^ 2l8. 

Lubrication & Lubricants: 

A TREATISE ON THE 
THEORY AND PRACTICE OF LUBRICATION 

AND ON THE 

NATURE, PROPERTIES, AND TESTING OF LUBRICANTS. 
By LEONARD ARCHBUTT, P.LO., F.O.S., 

Cliemist to the Midland Railway Compuiy, 
AND 

R. MOUNTFORD DEE LEY, M.I.M.E., P.G.S., 

Oliief Locomotive 8ui>erintendent« Midland Ridlwaj Company. 

COVTBMTS.— I. Friction of Solids.— II. Llqnid Friction or Vi^coalty, and Plastle 
Vrlction.— III. Superficial Ten«ion.— IV. The Theory of Lubrication.— V« Lubricants. 
their Sources, Preparation, and Properties.- VI. Physical IToperties and MethtMis of 
Examination of Lubricants.— VII. Chemical Properties and Methods of Examination 
of Lubricants.— VIII. The SysU matic Testirg of Lubricants )>y Physical and Chemical 
Methods.— IX. The Mechanical Testing of Lubricants.— X. The Design and Lubrication 
of Bearings.— XI. 'ilie Lubrication of ^lachlnery.— Index. 

" Destined to liecome a CLASSIC on the subject."— /wductriw and Iron: 
*' Contains practically ALL THAT IS known on th«) subject. Deserves the careful 
attention of all Engineers."- /^aiftcay Official Guide. 



F'ocRTH Edition. VeryfvUy JUuatrated, Cloth^ 4«. M. 

STEAM - BOILERS! 

TSEXR DEFECTS, MANAGEMENT, AND OONSTRUOTION. 

By R D. MUNRO, 

Ckitf Bngineer of the Scottish Boiler Insurance and Engine Inspection Company, 

Ghkbral Contents. — I. Explosions caused (i) b]^ Overheating of Plates— (a) By 
Defective and Overloaded Safety Valv^ji— (3) By Corrosion, Internal or Fxtemal — (4) By 
Defective Design and Construction (Un>upp« rted Flue Tubes; Unstrengthened Manholes; 
Defective Staymg ; Strength of Rivctied joints; Factor of Safety)— 1 1. CoNStRUCTiON of 
Vbktical Boilbkr: Shells — Crown Plaies and Uptake Tales— MaivHoles, Mud-Holes, 
and Fire-Holes — Fireboxes — Mountings — Management — Cleaning— Table of Bursting; 
Pressures of Steel Boilers — Table of Ki vetted Joints — Specifications and Drawings of 
Lancashire Boiler for Working Pressures (a) 8c lbs. ; (^)3oo'lb!>. per square inch respectively. 

" A valuable companion for workmen and engineers engaged about Steam Boilers, ought 
to be carefully studied, and always at hand."— C^//. Guardian, 

" The book is vbrv useful, especially to steam users, artisans, and young Engineers." — 
Bngineer. 

By the same Author. 

KITCHEN BOILER EXPLOSIONS: Why 

they Occur, and How to Prevent their Ocairrence. A Practical Hand- 
book based on Actual Experiment. With Diagram and Coloured Plate. 
Price 3s. 

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 



BNQINEERINQ AND MBVUANWS, » 



Jn Crffivn 8zv, Handsome doth. With Numerous 
Illustrations, ^s, ud. 

EMERY GRINDING MACHINERY. 

A Text-Booh of Workshop Practice in General Tooi Grinding, 

and the Design, Construction, ana Application 

of the miachines Emoloyed, 

BY 

R. B. HODGSON, A.M.Inst.Mech.E., 

Author of " Machines and Tools Employed in the Working of Sheet Metals." 
Introduction. — ^Tool Grinding. — Emery Wheels. — Mounting Emery Wheete, 
— Emery Rings and Cjdinders. — Conditions to Ensure Efficient Working. — 
L^eading Types of Machines.— Concave and Convex Grinding. — Cup and Cone 
Machines. — Multiple Grinding. — "Guest" Universal and Cutter Grinding 
Machines. -r- Ward Universal Cutter Grindor. — Press. — Tool Grinding. — Lathe 
Centre Grinder. — Polishing. — Index. 

Deals practically with every phase of his subject." — Ironmonger 
** Eminently practical . . . cannot fail to attract the notice of the users of this class of 
«nachinery, and to meet with careful perusal." — Cfum. Trade Journal. 



Sixth Edition. Folio, strongly half-bound, 21s. 

TRAVERSE TABLES: 

Computed to Four Places of Decimals for every Minute 

of Angle up to 100 of Distance. 

For the use of Surveyors and Engineers. 

BY 

RICHARD LLOYD GURDEN, 

Authorised Surveyor for the Governments of New South Wales and 

Victoria. 

*«* Published vdth the Concurrence of the Surveyors- General for New South 

Wales aitd Victoria, 

"Those who hav« expexienoe in exact Sukvbv-woric will best knowjiow to appreciate 
(he enormous amount of labour represented by this valuable book. The computatioos 
enable the user to ascertain the sines and cosines fcnr a distance of twelve miles to within 
lialf an inch, and this by kspbkbncb to but Onb Tablb, in place ot the usnal Filtecn 
minute computations required. Tins alone is evidence of the assistance which the Tables 
ensure to every user, aiid as every Surveyor in active practice has feh the want of such 
assistance pbw knowing or thbir pubucation will sbmaih without TMrn." 

—Sngitt ^ er, 

lOHDCN : CHARLES GRIFFIN ft CO.. LIMITED. EXETER STREET, STRAKD. 



34 CHARLES ORIFFIN A CO.'S PUBLICATIONS. 

WOBKS BY 

ANDREW J AMIESON, M.Inst.C.E., M.I.E.E., F.R.S.E., 

Ttckuical CcUeye, 



F^rmurljf Prttftucr of Eiectrkal Engineering ^ Th* Gla^nfw and W^st of Scoilemd 



PROFESSOR JAMIESON'S ADVANCED TEXT-BOOKS. 

In Large Crwm 8m. FiUfy TlhittrtLitd. 

STEAM AND Steam-engines, including turbimes 

AND BOILERS. For the Use of Students preparing for Competitive 
. ExaminatioQSi With over 700 pp., over 350 Illustrations, 10 Polcling 
Platesy and very numerous fc.xamiuation PapeiF. Fourteenth Edition. 
Revised throughout. los. 6cl. 
** Frofesaor Jamienon laiciaaMs the leadtr Vv his cutARNsss op concsptton and 
SIMPLICITY OP BXPRBSSION. Hu treatment recalls the lecturing of Faraday."— y4/A«iMrafM. 
*' The Bbst Booic yet published for the use of Students."— ^^jtm/t. 

MAGNETISM AND ELECTRICITY. For Advanced and 

"Honours" Students. By Prof. Jamieson, assisted by David Robertson, 
B.Sc, Professor of T'lectrical Engineering in the Merchant Venturers' 
Technical College, Bristol. \^hoHfy, 

APPLIED MECHANICS & MECHANICAL ENGINEEBING. 

Vol. I. — Comprising Part 1., with 540 pages, 300 Illustrations, and 
540 Examination Questions : The Principle of Work and its appliea- 

lioQs; Part II.: Fnction ; Gearing, &c. Kouhth BniTfONh &.6dL 
"Fully maintains the reputation of the Author."— '/'nar/.JEFn^VAtfv. 

Vol. II. — Comprising Parts III. to VI., with 608 pages, 371 Illns- 
trations, and copious Examination Questions: Motion and £nei^; 
Graphic Statics; Strength of Materials: Hydraulics and HydfanUc 
Machinery. Fourth Edition, Greatly Enlarged. 

"Wbll and lucidly written."— rA^ Entineer. 

\* Each oftho abovo volumti it compltt* in itstl/t and sold toparaUfy. 

PROFESSOR JAMIESON'S INTRODUGTORT MANUALS 

Crown 8zw. With lUustraHons and Examinaium Papers, 

STEAM AND THE STEAM-ENGINE (Elementary 

Manual of). For First-Year Students. Tbnth Bdition, Kwaed. 3/6. 
" Should be in the hands of bvbry engineering apprentice.*^— ^mr^a/ Enginoet, 

MAGNETISM AND ELECTRICITY (Elementary Manual 

of). For First- Year Students. Fifth Edition. 3/6. 

** A capital text-book . . . The diagrams are an important feature. "—^IcAm/mmu^/t. 
"A THOROUGHLY TRUSTWORTHY Text-boolc. Practical and dear.**— JVa/tTfTT. 

APPLIED MECHANICS (Elementary Manual of)* 

Specially arranged for First- Year Students, Sixth Edx^ION^ 

Revised and Greatly Enlarged. 3/6. 
'*The work has vbxy high quai.itib&, which may be condensed* into the one wont 
• CUAX.' **—^citnco amd A rt, ^ 

In Preparation. 300 pa^es. Croivn Svo, Profusely Illustrated, 

niODEJRN EJLECTRIC TRAWWAY TRACTION: 

A T»xt«>Book of Pr«Mnt-D«y Pmoiiea. 
J%r Vk^JTBt'of Bleotritat EnmrueHmg Students and tftoM in^erettedUt Msetie 

Trans / iesion of Fmeer. 

'^ JfrYPaoF. ANDB/BW J.A.MIBSOJKr- 

A POCKET-BOOK of ELECTRICAL RULES and TABLES: 

'Tor the tTse of Electricians and Engineer^. By JOH*^ Mitnro, C.'E., 
and Prof. Jamieson. Pocket Size. Leather, 8s. 6d. Seventeenth 
Edition. [See p. 49. 

lOMDON : CHARLES GRIFFIN ft CO.. LIMITED, EXETER STREET. STRAND. 



SmfWEBRtNa AND WSCBANICS. 3$, 

WORKS BY 

W. J. MACQDORN RANKIKE, LL.D, F.R.S., 

Lat9 fttglua Profumw of CIvU Englrwerlng In th» Univeratl^ of OU u t om, 

TBOBOVQULY BBVISKD BT 

■W. J. MILLAE, C.B., 

LatB Saentary to the Institute of Engineers and Shipbuilders In SeotltuHl. 



A MANUAL OF APPLIED MECHANICS : 

Oomprisiiig the Principles of Statics and Cinematics, end Theoiy of 
Structures, Mechanism, and Machines. With Nomerous Dii^grani$» 
Crown 8yo, cloth. Seventeenth Edition. ISs. 6d. 



A MANUAL OF CIVIL ENGINEERING : 

Comprising Engineerins; Surveys, Earthwork, Foundations, Masonry, Car- 
pentry, Metal Work, Roads, Railways, Canals, Rivers, Waterworks,. 
Harbours, &o. With Numerous Tables and Illustrations. Crown 8vo. 
oloth. Twenty-Second Edition. 16s. 



A MANUAL OF HACHINERT AND MILLWOBK : ' 

Comprising the Geometry, Motions, Work, Strength, Construction, az^d^ 
Objects oi Maehiaesy &c. Illustrated with nearly 300 Woodcilts^ 
Crown 8vo^ oloth. Seventh Edition. 128. 6d. 



A MANUAL OF THE STEAM-ENGINE AND OTHEB ^ 

PRIME MOVERS t 

With ft Sectioii on Gab, Oil, and Aib Engines, by Bbtan' boNKiN, 
M.IqsLC.E. With Folding Plates and Numerous Illustrations. 
Crown 8 vo, oloth. FiriEENTB Edition; 12s. 6d. 

mimi CNABLES %mmA go., limited, EX&TE^STffEET«.8(rRftiU)i4: ; ~ 



^ '. CHA RLBs' O RIFFIN A CO.'S PUBLIC A TIOATS, 

Peop. Rankinb's WoRK^-^iConiimuti), 

USEFUL RULES AND TABLES : 

4rar Arokiteota, Baildera, Engineera, Founders, Meohuiios, Shipbuilders, 
Surveyors, &c. With Appendix for the use of EleotrioaL Enoinbsbs. 
By Professor Jamiksoh, F.R.S.B. SivBiTTH Edztioit. 10b. 6d. 

A MECHANICAL TEXT-BOOK : 

A Prsotioal and Simple Introduction to the Study of Mechanios. By 
Professor Kakkinb and E. F. Bambbr, G.E. With Numerous Illiis- 
traciuns. Crow^n 8vo, cloth. Fifth Edition. Qs. 

%* The *^ AIrchavical Text- Book'* weu duigmd bp Professor fiASKOra m tm bnao- 
^NNinoH to th* %b*t9t Seriei of MamuaU, 



MISCELLANEOUS SCIENTIFIC PAPERS. 

Royal 8vo. Cloth, 31s. 6d 

Tart I. Papers relating to Temperature, Elasticity, and Ezpandon of 
Vapours, Liquids, and Solids. Part II. Papers on Energy and its TranB- 
lonnations. Part III. Papers on Wave-Forms, Propulsion of Vessels, ko. 

With Memoir by Professor Tait, M..A. Edited by W. J. Millab, C.E. 
Witii fine Portrait on Steel, Plates, and Diagrams. 

" No more enduring Memorial of Professor Ranldne could be devised than the pubUca- 

df&a of Uiese papers in an accessible form. . . . The CoUection is most valuable o« 

«000unt o^ the nature of his discoveries, and the beauty and completeness of his analyaia. 

. . . The Volume exceeds in importance any woric m the same department puhUshad 

4b our time. "—A rchiitct. 



SH ELTON-BEY (W. Vincent, Foreman to the 

Imperial Ottoman Gun Factories, Constantinople) i 

THE MECHANIC'S GUIDE : A Hand-Book for Engineen uA 
Artisans. With Copious Tables and Valuable Recipes for Pnurtical Um^ 
lUostrated. Second Edition, Crown 8vo. Cloth, 7/6. 

iONDON : GHARU8 QRIFFIN « CO.. LIMITED. EXETER STREET. STRANa 



UNQlNBERINn A .VD MiSOHAl^WS. 37 

Third Edition, Thoroughly Revised an i Enlarged. With 60 Plates ana 
Numerous Illustrations, Handsome Cloth. ^45. 

HYDRAULIC POWER 

AND 

HYDRAULIC MACHINERY. 

BT 

HENRY ROBINSON, M. Inst. C.E, F.G.S., 

PBLLOW OF king's COLLBGB, LONDON ; PROP. BMBRITUS OP CIVIL ENGINEERING, 

icrNr:«s college, etc., etc 

Contents — Discharge through Orifices. — Flow of Water through Pipes. — Accumulators. 
— Presses and Lifts. — Hoists. — Rams — Hvdraulic Engines. — Pumping Engines. — Capstans. 
— Traversers. — Jacks. — Weghing Machine.s. — Riveters and bhop Tools. — Punching, 
Shearing, and Flanging Machines. — Cranes.— Coal Discharging Machines. -^Drills and 
Cutters. — Pile Drivers, Excavators, &c — Hydraulic Machinery applied to Bridges, Dock 
Gates, Wheels ..and Turbines. — Shields. — Various Systems and fower Instadlations — 
Meters, &c.— Index. 

"As a compendious guide to the subjects wiih which it treats, 'Hydraulic Power and 
Hydraulic Machinery ' still stands without a rival." — Water. 



In Large %vo^ Handsome Cloth. With Frontispiece, several PlateSp 

and over 250 Lluhtrations, 21 8. 

THE PRINCIPLES AND CONSTRUCTION OF 

PUMPING MACHINERY 

(STEAM AND WATER PRESSURE). 

With Practical Illustrations of Engines and Pumps applied to Minino, 

Town Watbb Supply, Drainage of Lands, &c., also Economy 

and Efficiency Trials of Pamping Machinery. 

By henry DAVEY, 

Member of the Institution of Civil Enjrineers Member of the luititation of 

Mechanical Engineers, F.Q.S., iua. 

(Contents — Early History of Pumpinj^ En^^nes — Steam Pamping Engineo — 
Pumps and Pump Valves — General Principles of Non-Rotative Pmnping 
Engines — The Cornish Engine, Simple and (/ompound— Types of Mining 
Engines — Pit Work— Shaft Sinking — Hydraulic Transmission of Power in 
Mines — Valve Gears of Pumping Enginefl — Water Pressure Pumping Engines 
— Water Works Enp^ines — Pumping Engine Economy and Trials of Pumping 
Machinery — Centrifugal and other Low-Lift Pumps — Hydraulic Bamiy 
Pumping Mains, &c.- Index. 

**By the 'one English Engineer who probtbly knows more abont Pnmping Machinery 

than ANT OTUBK.* ... A VOLUMB BBCOBDIKQ THR RXSULTS OF LO^O BZFBBIBNGB AVD 

STUDY."— 7%€ Kngiwer. 
*' Dndonbtedly THB best and host practioal tbbatisb on Pumping Machinery that 

BBBH PCm.lSHKD."— i/wifcy JoutluU, 



UNDON: CHARLES GRIFFIN & CO.. LIMITED. EXETER STREET. STRAND 



9< OHABLEB BRIFFIN S 00:a PUBLWATW^B. 



9tmmi 800, HwHfowf Ciath. With numerous WuetmUtmAWHi JnUg: 416m. 

THE STABILITY OP SHIPS. 

BY 

sot EDWARD J. REED, K.C.B., RR.S., M;SP., 

OP Tin nCPBRlAL OSDBRS OP ST. STANILAUS OP RUSSIA; PKANCIS JOSBPH OP 
AUITRIA ; MBDJIDfB^ OP TUKKKV ; AND RISING SUN OP JAPAN ; VICB* 
PSB81DBNT OA THK INSTITUTION OP NAVAL ARCHITSCTS. 

Iiioi«lHrt»r0B4er<be woric' c«na]|ete Ibr the pnppoaes of the ShiphuOdvr, lihethar at 
_.je xm a(bnMul, the Methods of OilcuUiioii introdueed by Mr. F. K: Ba«nks,.Mx. Gkay» 
M. Rbcch, M. Davmard, and Mr. Benjamin, are all ^ven separately, Uiustrated hjr 
Tablet and worked-out examples. The book contains more than soo Diagrsuns, and la 
flhutnted -by a large number of actual cases, derived firom. shipfi of all deechpdons. 

** Sir £»WARD Rbsd s * Staanlitv op Sihps ' is invai.uablb. The Naval AacHmcr 
will find brought togetner and ready to his hand, a mass of informatioo whif h.he would othei^ 

snolc 



have to seek in an almost endless variety of publtcatiops^ and some of which .he would 
possibly not be able to obtain at all elsewhere."— 5rpa«Mur>b>. 



SBC 



xms ixissxoN aiid oonstbuctiok of sHons. h% tem 

HAiCVARD BrLRS, M.Inst.N.A., Professor of N«val AitdtitflRtuvemtnAwi 
University of Glasgow. X^it i^t^efnatiriBftim^ 



Third ISdition. Tllustiated with Plates, NumeiiQiis l>i^gnwis,rrj|iiC^ 

Figures in the Text. i8s. net 

STEEL SH I PS: 

THEIR COJTSTRirCTION AND MAINTENAWCB. 

A Manuai for Shipbuilders, Ship Superintendents, Students, 

and d/farine Engineers, 

By THOMAS WALTON, Naval Architbct, 



author of ** KNOW VOUR OWN RWP." 



Contents. — I. Manufacture of Oast Iron, Wrought Iron, and Steel. -JCom- 
position of Iron and Steel, Quali^, Strength, Tests. &c. II. ClassiGcation of 
Steel Ships. III. Consideratittns in making choice of Type of Vessel. — Framine 
of Ships. lY. Strains experienced by Ships. ^Methods of Computings aoa 
Comparing Strengths of Ships. V. Construction of Ships. — Alternative Modes 
of Construction. — Types of Vessels. — Turret, Self Trimming, and Trunk 
Steamers, &c. — Rivets and Rivetting, Workmanship. VI. Pumping Arrange- 
ments. VII. Maintenance. — Prevention of Deterioration in the Hulls of 

Ships. — Cement, Paint, &c. — Inubx. 

* So thorouuh and we ) written i> every chapter in the took tbnt it 1 ,di.l'ca1t to f'eleet 
any of theoi as being worthy of exceptional pn se. Altok'etber. ibp wnrk is excelent, and 
will prove of ^reat va ue to thoce for whom it is intended." - The Enginter. 

*'Mr -Wal4on Iwa wniton .for ihe proffSA'OQ of whi«h he.is ^n oiAwnept. lUa^rork 
will be read aud appveaiat< d no doubt, by .every Jd[XN,A.» liJid. with nff»X benefl^ itjJdne 
— " jv^rl^ of them, -^t/ottrwo/ of Covuftree. 

UHi^ORiM WtTH THE .^ABOV^ 

THE FRlWtJI'PL'ES ANiD PRACT^Oi: %F 

DOCK ENGINEERING. 

By BRYSSON CUNNINGHAM, B.E.j^M.Inst.CE. 

&ee p. 27. 



-ji>i.-» ■ » • 



lONO.N ::CHARLE8 GRIFFIN & CO., LIMITED. EXETER STREET, STBAttJl. ^ 
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GRIPPIN^S NAUTICAL SERIES. 

Editbd by EDW. BLAOKMORE, 

ICasterUarlner, Ftnt Glass Trtntty Honse Certlftoste, Aasoo. Init. V.A. ; 

▲hd wsirmn, mainly, 19 Aailors <or tlAiiiOM, 

"This admibablb sbribs."— Falrpfay. ' "A ysrt uskful sbribs."— J^oturv. 

"The vnlumes of Messrs. Griffin's Nautical SBRnes may well and |nNilltatdy%t 
read t>7 tOA, MUrested In our natiokal iiAiOTiif k proorbss. "—Marim Bnffim&r. 

"SWRT %mf 'rtioald have the wmolb Sbrtbs asa Rbfbrbnob Librakt. Aim»* 
801CBLT BOUND, OLBABLT fitlNTBD and iLLU8TRATBD."--^£«iiw]MK)f Joum, (/ Ccwmeree. 

The British Mercantile Marine : An Historical Sketch of «i«B Riao 

and Development. By the Editor, Capt. Blaokmorb. 8s. 6d. 

" Captain Blackmore's 8PLBNDID BOOK . . . contains paraf^raphs on every point 
off intereet to the Merchant Marine, l^e 243 paffes of this book are Thb most V^afcv- 
ABLB to tkie sea captain that have vnsR been oompilbd."— Jfercftont Serviat Hmriem, 

Elementary Seaiiianshlp. By u. v^ ii^som^Barkbr, Master M«i«iiar, 

F.B.S.B., F.R.O.S. With nnmeroos Plates, two in Cnloiirs, and |)Von44Hfii«na. 
Third Edition, Thor. nglily Bevised, £ula»ig«9d, and Be-set. With additiowd 
Ulostrations. 68. 
"This ADMIRABLB MANUAL, by Capt. Wilsob BarbBR, of the 'WoroeatflT,' ttMBM 

to BS PBRFBCTLV l>BSroNED."^il(A«n0M«fn. 

Know Your Own Ship : a Simple ExpianatioD of the Stability, Cbii* 
struction, Tonnage, and Freeboard of 8hip«. By THOS. Walton, Naval Ar oM l aoi . 
With numerous Illustrations and additional Chapters on Buoyancy, Trtmi and 
Calculations. EiOHTU Bdition. ?&. od. 
*Mr. Walton's book wUl be found vbkt usBFUL."^'iA0 Engineer, 

Navifiration : Theoretical and Practical By D. WiiisoN-BAKKiB. 

and William Allinguam. Second Edition, Bevised. 8s. 6d. 
"Preciselt the kind of work required for the New Certificates of competency. 
Candidates will find it invaluable."— />ti9ui0<^ AdoeHieer, 



Marine MeteorolOgry : ^or Otticerb ot the Merchant Navy. By 
William AlliN'^am, Fit-st Class Honours, Navigation, Science and Art-OepartmeBfe. 
With Illnstrations, Maps, and Diagrams, and /ctenmUe reproduction of fog page.. 
7s. 6d. 
"Quite the bbst publication on this subject."— SAtpptn^ Ouzette, 

Latitude and Lonsritudo : How to find them. By W. J. Millab, 

C.B. SECOND EDinoK, Bevise 1. 2s. 

" Cannot but prove an acquisition to those studying Navigation."— if artn« Engineer, 

Practical Mechanics : Applied to the requirements of tbe Saiior. 
By THOS. Mackenzie, Master Mariner, F.B.A.S. Second Edition, Bevised. Ss. 6d. 
** Well worth the money . . . excebdinolt helpful."— ^Atpinny Worid. 

Trigonometry : For the Youdk Sailor, Ac By Rich. C. Buck, of the 
Thames Nautical Training College, H.M.S. " Worcester." Second Edition, Bevised. 
Price 8s. «d. 
"This BMIBBNTLT PRACTICAL and reliable vohime "—^Sekodmaeter. 



Practical Al£r6l>ra. By Rich. C. Buck. Companion Volame to thl 

above, for Sailors and others. Price 8s. 6d. 

" It is JUST THB book foT the young sailor mindful of progress. -^NauHetd Bagmtim^ 

The Legal Duties of Shipmasters. By Bbni<dict Wm. Oinsbuko, 

M.A.,Xl.D., of the Inner Temple and Northern Circuit: Barrister-at-Law. 8B00BI> 

Edition, Thoroughly Bevised and Eularg^^d. Friot^ is. 6d. 

" Invaluable to masters. . . . We can fully recommend it."-^SaUpf»<N9 Oaartlf. 

A Medical and Surgical Help for Shipmasters. Incinding Pint 

Aid at Sea. By Wm. Johnson Smith, P.B.C.8., PHncipal Medical Officer, Omen's 

Hospital, Oreenwioh. Second Edition, Thoroughly Bevised. 6*. 

"Sound, judicious, bbally helpful."— 7 Ag Lafuet. 

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET STRAND. 



40 CHARLES QRIFFIN A OO.'S PUBLICATIONS. 

GRIFFIN'S NAUTICAL SERIES , 

Introductory Volume, Price Ss, 6d, 

THE 

British Mercantile Marine. 

By EDWARD BLACKMORE, 

MASTBR MARINER; ASSOCIATE OF THE INSTITUTION OF NAVAL ARCHITBCTS; 

MEMBER OF THE INSTITUTION OF ENGINEERS AND SHIPBUILDERS 

IN SCOTLAND; EDITOR OF GRIFFIN'S "NAUTICAL SERIES." 

GiNEiuL Contents.— Historical : From Early Times to 1486— Fn^resB 
under Henry VIIT.— To Death of Mary— During Elizabeth's Eeign— Up to 
the Reign of William III.— The 18th and 19th Centuries— Institution of 
Examinations — Rise and Progress of Steam Propulsion — Development of 
Free IVade— Shipping Legislation, 1862 to 1876— " Locksley Hall" Case- 
Shipmasters' Societies— Loading of Ships — Shipping Legislation, 1884 to 1894 — 
Statistics of Shipping. Thb Personnel: Shipowners— Officers— Mariners — 
Duties and Present Position. Education : A Seaman's Education : what it 
ahould be— Present Means of Education— Hints. Discipline and Duty — 
Postscript- The Serious Decrease in the Number of British Seamen, u Matter 
demanding the Attentioi- of the Nation. 

** Intsrbstino and Instructive . . . may be read with fbovit and bnjotmknt." — 
ffkuffow Herald. 

*'£vKKT BBANcn of the subject if* dealt with in a way which shows that the writer 
*k^ows the ropps' familiarly.*'— ^co<«man. 

** This ADMiRABLB b(X)k . . . TBEM8 with Qscf ul information— Should be in tha 
hands of every Sailor/*— TTe^ccrn Morning Heva. 



Third Edition, Thoroucjhly Revised, Enlarged, and Reset, 
With Additional Illustrations, Price 6s. 



ELEMENTARY SEAMANSHIP. 

BT 

D. WILSON-BARKER, Master Mariner; F.R.S.E., F.R.G.S.,&a,&o. 

YOUNQBR BROTHER OF THB TRINITT HOUSE. 

With Frontispiece, Numerous Plates (Two in Colours), and Hlustrationfl 

in the 'Text. 

General Contents. — The Building of a Ship; Parts of Hull, Masta. 
ftc.— Ropes, Knots, Splicing, &c. — Gear, Lead and Log, &c. — R%g^g, 
Anchors — Sailmaking— The Sails, &c —Handling of Boats under Sail — ■ 
Signals and Signalling— Rule of the Road— Keeping and Relieving Watch — 
Points of Etiquette— Glossary of Sea Terms and Phrases — Index. 

*«* The volnme contains tbe nbw bulbs of thb boao. 

"This admibablb manual, by Oapt. Wilson- Bakkbb of the * WorcePter,' seems to vm 
PBBFBCTLT DBRiONBD and hulds its pince excellently in * Gbiffin's Nautical Sbbibk.* . . . 
Although intended for those who are to become Offlcen of the Merchant Navy, it will be 
foxmd nsefai by all TACarsMBK.**— i4<A«n»ttm. 

*«* For complete List of QBumN*B Nautical Sbbibs, see p. 39. 

LONDON : CHARLES CfllFFIN & CO., LIMITED, EXETER STREET, STRAND, 



y A uric A L woHhtt. 4i 

GRIFFIN'S NAUTICAL SERIES. 

Second Edition, Bevued and Illustrated, Price Ss. 6d, 

NAVIQATIOIsr: 



By DAVID WILSON-BARKER, RN.R, F.KS.E., ifec, &o., 

AND 

WILLIAM ALLTNGHAM, 

RBST-OLASS HONOURS, NAVIQATION, 80IBNGB AND ART DEPARTMENT. 

XQlitb Vlumetoua Jlluetcationa and Bsaminatfon (SlueBtiottB* 

General Contents.— Definitions — Latitude and Longitude — Instruments' 
of Navigation — Correction of Courses — Plane Sailing — Traverse Sailing— Day's 
Work — Parallel Sailing — Middle Latitude Sailing — M creator's- Chart — 
Mercator Sailing — ^Current Sailing — Position by Bearings— (ireat Circle Sailing 
— The Tides — Questions — Appendix: Compass Error — Numerous Useful Hints. 
ftc. — Index. 

** Pbbcisblt the kind of work required for the New Certiflcates of oompeteney in n«dei 
from Second Mate to extra Master. . . . Candidates will find it invaluable. *'—i)i«iMiee 
Advertiser. 

"A OAPrrAL LiTTLB BOOK . . . specially adapted to the New Examinations. The 
Anthore are Oapt. Wilson-Barkeb (Captain-Superintendent of the Nautical College. H.M.S. 
* Worcester,' who haa had great experience in the highef>t probtemR of Navigation), and, 
Mb. Allikgham, a well-known writer on the Science of Navigation and Nautical Astronomy.**' 
—Shipping World. 



, Handsome Cloth, Fully Illvstrated. Pricf^ 78. 6d. 

MARINE METEOROLOGY, 

FOR OFFICERS OF THE MERCHANT NAVY. 
By WILLIAM ALLIKGHAM, 

Joint Author of "Navigation, Theoretical and Practical." 

With numerous Plates, Maps, Diagrams, and Ilhistratiors, and a facsimile 
Reproduction of a Page fioiii an actual Meteorological Log-Book. 

SUMMARY OF CONTENTS. 

_ I 

INTKODCOTORY.— luBtruments Used at Sea for Meteorological Purposes. — Meteoro- 
logical Log-Books.— Atmospheric Pressure.— Air Tem}>eratures.— Sea Tempera tiu-es. — 
Winds.— Wind Force Scales.— Histoiy of the Law of Storms.— Hurrianes, Seasons, and 
Storm Tracks.— Solution of the Cyclone Problem.— Ocean Currents.— Icebergs.— Syn- 
chronous Charts.— Dew, Mists, Fogs, and Haze.— Clouds.— Kain, Snow, and Hall. — 
Mirage, Eainbows, Coronas, Halos, and Meteors. — Lightning, Corposants, and Auroras. — 
QuKSTioNS.— Appendix.— INDBX. 

'* Quite the bbst publication, aitd certainly the host in'Tersstino, on this subject eyer- 
presented to Nautical men."— Shipping Gazette. 

*«* For Complete List of Griffin's Nautical Series, see p. 39. 
CONDON: CHARLES GRIFFIN & CO.. LIMNED. EXETER STREET. STRAND. 



4* OHARLm GBirFIH S OO.'S PVBUCATtOm. 

QRIFFiyS NAUTICAL SEBIES. 

8100ND Edition, Rbviskd. With Nttmerom lUuslnitkHMv Price 3s. 6d, 

Practical Mechanics: 

Applied to the Eequirements of the Sailor. 

Bt TH08. MACKENZIE, 

MaHtr i/oriMr, F.iLA.S. 

GtanRAL CoMTiczrrs.~Resolution and Composition of Forces— Work don* 
bj Machines and Living Agents — The Mechanical Powers: The Lever; 
I/erricks as Bent Leven — ^The Wheel and Axle: Win<Ua88; Ship*s Capstan; 
Orab Winch— Tackles : the *'01d Man'*— The Incliued Plane; the Screw— 
The Centre of Gravity of a Ship and Cargo — Relative Streng^ of Rope : 
Steal Wire, Manilla, Hempr Coir — Derricks and Sh«ar»- Calculation of the 
Cross- breaking Strain of Fir Spar— Centre of Effort of Sails — Hydrostatics: 
this DiviBg-bell ; Stability of Floating Bodies ; the Ship's Pomp, kc* 
" This ixgbu<biit book . . . contains, a laaob ajuoviit of infotmatioiL'* 



** WbUi wobsh the money . . . wili be- found xxouBHOMMiZ hblepdIi.'*— 
SUmmmtfWorUL 

'*No Ships' Offiobbb' bookoasx will henceforth be complete without 
Qajrain Mackxnzib's * PbaotioaIi MBCHAJ91C8.' NotwithatMuiing my many 
ysMB^ ezpeiience at sea, it has told me Iww much more ther» is to acQtim'*— 
(Letter to the Publishers from a Master Mariner). 

**I must express my thanks to you for the labour and care ]rou have taken. 
bi * Practical Mbohakics/ . . . It is a life's expebibnok. . . . 
Whal an amount we frequently see wasted by rigging purchases- without reasoit 
and accidents to spars, &c., &c. ! 'Practical Mechanics * woold sayb all 
THIS." — (Letter to the Author from. another Master Mariner). 



WORKS BY RICHARD G. BUCK, 

Of the Thames Maatlcal Trainiog OuUege, U.M.S. ' Worcester.* 

A Manual of Trigonometry: 

With Diagrams, Examples, and Exercises. Pria 8s. 6d. 

Second Edition, Revised and Corrected. 

*«* Mr. Buck's Text-Book has been specially prepared with a view 

to the New Examinations of the Board of Trade» in which Trigonometry 

is an obligatory subject. 

**ThiB KMnrKNTLT FRAoncAL and xkliabls yoixmR-^^—Sekoolmaster, 

A Manual of Algebra. 

Designed to meet the Requirements of Saiiors and otiiers. Price 8s. 6d. 

%* Tbese elementary works on alqbbra and trioomombtrt are written specially for 
tbiose who will have little opportanitv of c insulting a Teacher. They are hooks for " sbli>^ 
wUtf* All bat the simplest explanations have, thererore, been avoideil, and answsbs ta 
tke Bxerolses are given. Any person may readily, by carefnl stodv. become master of tbe&r 
ooatMilB, and thus lay the foundation for a further mathematical coarse, if dOHired. It is 
hoped tliat to the yoanger Officers of our Meroandle Marine they will be fonnd deddedly 
serviceable. The Examples and Exerciboa are taken from the Examination Papers set for 
th# 0«dstB of the '' Worcester. *' 

^^Olearly arranged, and well got np. . . A first-rate Elementary Algebra. -» 
ifaulieal Magatine. 
*»*For complete List of Grihtiw's Nautioal Wbribs. see p. 8R 

LOIiDOM: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. . 



ITAUTICAL WORKS. 43 



GBIFFINN NATTTICAL SFIBIES; 

Sbqono £Diffi(XN} Thoroughly Revised and Extended. 1a Ct&wtk Sro» 

Hskndsome Cloth. Price 48. 6d. 

THE LEGAL DUTES OF SHIPMASTERS. 

BENEDICT WM. GTNSBURG, M.A., LL.D. (Oahtab.), 

Of theXnner Tdinpto and NorthemCireuit; BarrtotoB'a^Law. 

GfineeaJ Contents.— The Qualification for the. PosiUon ol ShipmaAter«— The Ckm* 
tilttst with the Shipowner— The fif aster's Duty In respect of t^e Crew : Engagement ; 
Apprenticaa; Discipline ; Provisions, Accommodation, and* Medical GoxuHirtim;^ Payment 
of wages and Discharge— The Master's Du^ in respect of the Passengers— The Master's 
Financial Responsibilities— The Mastei's Doty in respect of the Cargo— The Master's 
Duty in Case of Casualty— The Master's Duty to certain Public Authorities— The 
Miubei^s Duty in ralation to Pilots, Signals^ Flags, and Lightr Dues— The- Piaster's Duty 
upon Arrival at the Port of Discharge— Appendices relative to certain Legal Matters : 
Board of Trade Certificates, Dietarv Scales, Stowage of Grain Cargoes, Load'Line&egnla- 
tions, Life-saving Appliances, Carriage of Cattle at Sea, Ac, &c.— Copious Index. 

" No intelligent Mduter sbonld fsO to add this to his list of ae eBa is iy tneMsk A few lines 
of it may savb a lawyer's fbIe, bbsidbs knolbss wobry.'^— Liverpool Journal o^ Commerce, 

"SsNsiBLB, plainly written, in clear and non-teohmicai. LAHamoBi and will be found of 
KUOH SKRVIOB by the Shipmaster." — British Trade Review. 



Second EDimoir, Bevised. With Diagrams. PHca 28. 

Latitude and Longitude: 

S[o32ir to Fin.cl tli^eixi... 

By W. J. MILLAR, C.E.,. 

Late Secretary to thilmU of Engineers and Shipbuilders in Scotland. 

'* C0N0I6EI>T and CLBABLT WRITTEN . . . cannot but prove BA.aoqpiflition 
to those stttd^iug Navigation." — Marine Engineer, 

** Young Seamen wiU find it handt and useful, simple and OLBAB."— 2%e 
Bngineer, ^___ 

FIRST AID AT SEA. 

8i0OKD>Ei>ia3ON^ Revised. With Coloured Plates and Numeron* ninstra- 

tiona^ andcoanprising the latest Regulations Respecting the- Carriage 

of 'Medical Stores on Board Ship. Price 6s. 

A BEDICAL AUD SURGICAL HELP 

FOR SHIPMASTERS AND OFFICERS 
iN THE MERCHANT NAVY. 

BY 

WM. JOHNSON SMITH, F.RO.S., 

Brincipal Medical Officer, Seamen's Hospital, Greenwich. 

*^ TlLe-attsation of all interested in our Mwohant Nayy is requested to thi* eixoeediltgly 
osefnl and yalaable work. It is needless to say that it is the ontcome of many years 
PRAonoiiL xxFBRiBNCB amongst Seamen. 

'^SoniiDt junicions, bsai.lt hxlpfdl."— 2^ Lancet. 

*»^ F^rO^ttkplete List of Ghepfik's Nauxioal Sewbii, aea p^ 3R 

■ -_.^ -■*-»■■ , ■ ■ ! ■ II I II I III II II III - - - 

LOI«DON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND, 



44 CHAHLKS GJtJrf/y <fr CO.'H PUBLICATIONS. 

GRIFFIN'S NAUTICAL SERIES. 

Eighth Edition. Revised, with Chapters on Trim, Buoyanc^^ 

and Calculations, Nvmeroua lUustrations, Handsome 

Cloth, Crown Svo. Price Is. 6d, 

KNOW YOUB OWN SHIP. 

By THOMAS WALTON, Naval Architect. 

nnaxALLT arbanged to suit the requirements of ships' offioebs^ 

SHIPOWNERS, SUPERINTENDENTS, DRAUGHTSMEN, ENGINEERS, 

AND OTHERS. 

This work explains, in a simple manner, such important 
sabjectB as: — 



Displacement^ 

Deadweight, 

Tonnage, 

Freeboard, 

Moments, 

Buoyancy, 

Strain, 

Structure, 



Stability, 
Boiling, 
Ballasting, 
Loading, 
Shifting Cargoes, 
Admission of Water, 
Sail Area, 
&c., &c. 



** The little book will be found exceedingly handy by most officers and 
officials connected with shipping. . . . Mr. Walton's work will obtain 
LASTING SUCCESS, because of its unique fitness for those for whom it has been 
written." — Shipping World. 

*• An EXCELLENT WORK, full of Solid instruction and invaluable to every 
officer of the Mercantile Marine who has his profession at heart." — Shipping, 

" Not one of the 242 pages could well be spared. It will admirably fulfil ita 
purpose . . . useful to ship owners, ship superintendents, ship draughts- 
men, and aU interested in shipping." — Lirerpool Journal of Commerce, 

** A mass of very useful information, accompanied by diagrams and iUxia- 
trations, is given in a compact form." — Fairplay. 

** We have found no one statement that we could have wished differently 
expressed. The matter has, so far as clearness allows, been admirablv con- 
densed, and is simple enough to be understood by every seaman.**— JvaHfif 
Bn/ginMr, 

BY THE SAME AUTHOR. 

Steel SMps: Their Constmction and Maintenance. 

(See page 38.) 

tONDOM: CHARLES GRIFFIN <jk CO., LIMITED, EXETER STREET, .STRAND. 
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Fifteenth Edition, ThorougJdy Revised, Greatly Enlarged, and Reset 

Thnmijhout, Large 8wo, Cloth, pp, i-xxiv + TOS. With 280 

Jllustrations, reduced Jrdm Working Dratcings, and 

8 Plates, 21«. net, 

A MANUAL OF 

MARINE ENGINEERING: 

COMPRISING THE DESIGNING, CONSTRUCTION, AND 
WORKING OF MARINE MACHINERY. 

By A. E. SEAT ON, M.InstC.E., M. Inst. Meeh. E«, 

M.Inst.N.A. 



General Contents. — Part I. — Principles of Marine Propulsion. 
Part II. — Principles of Steam Engineering. Part III. — Details of 
Marine Engines : Desiji^n and Calculations for Cylinders, Pistons, Valves, 
Expansion Valves, &c. Part IV.— Propellers. Part V. — Boilers. 
Part IV. — Miscellaneous. 

•»* This Edition includes a Chapter on Water -Tube Boilers, with Illuatra- 
tions of the leading Types and the Revised Rules of the Bureau VcnUis. 

"Id the three-fold capacity of enabling a Student to learn how to design, oonstruot, 
and work a Marine Steam-EuKine, Mr. Seaton*s Manual has no rival."— 7imM.' 

"By far the rest Manual in existence. . . . Gives a complete account of the 
methods of solving, with the utmost possible economy, the problems before the Marion 
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